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A METHOD OF ESTIMATING CURARE-LIKE 
ACTIVITY ON THE ISOLATED PHRENIC NERVE 
DIAPHRAGM PREPARATION OF THE RAT 

BY 

T C C3iOU 

From the Department of Pharmacology, Oxford 

(Received September 24 1946) 

Preparations of curare have recently been introduced into medicine for two 
purposes They have been used to reduce the force of the muscle contractions 
evoked m shock therapy of schizophrenia (Bennett, 1940 , Cummins, 1942 , 
Wolfe, 1945) , they have also been used to obtam full muscular relaxation m 
anaesthesia, particularly m conjunction with cyclopropane (Gnffith and Johnson, 
1942 , Malhnson, 1945 , Gray and Halton, 1946) for operations m the upper 
part of the abdomen The preparations used hitherto have been an extract of 
curare known as mtocostnn, prepared by E R. Squibb and Sons, and d-tubo- 
curanne chlonde, the pure active prmciple isolated by Kmg (1935) and prepared 
by Burroughs Wellcome and Ck) The experiments described m this paper have 
been earned out with the latter 

As the supply of curare is limited there is a need for substitutes At the 
same tnne a quick test method for companson \vith curare is required Previous 
workers have mestly used the isolated frog nerve-muscle preparation The frog’s 
gastrocnemius is less suitable than the sartonus muscle, because m the latter 
preparation the muscle is very thm and differences m diffusion rates of different 
compounds are neghgible Ing and Wnght (1931) found the nerve sartonus 
preparation of Rana esculenta very suitable because the muscle recovered com- 
pletely after poisoning, and consequently one preparation could be used to test 
several compounds But if only small frogs {Rana temporaria) are available 
the nerve sartonus preparation is too dehcate for rouUne tests Also, most 
authors (for references, see Ing, 1936) have estimated either concentrations of 
drugs which paralysed the muscle completely or concentrations which just failed 
to cause complete paralysis after such severe poisomng recovery is very sldw, 
and routme tests would take a very long time Testmg curare extracts m Squibb’s 
laboratones Holaday (quoted by Bennett, 1941) developed the head-drop method 
m the rabbiL Curare solutions are slowly infused mtravenouslj until the animal 
IS mcapable of holdmg up its head The amount per kg. necessary to produce 
this effect in rabbits is estimated Results obtamed by this method, together wnth 
those obtained on the acetylcholme contractions of the Irog’s gastrocnemius. 
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were clanned to be reproducible with an error of ± 1 per cent The authors do 
not say whether several extracts could be compared m one animal or whether 
several rabbits were used for each estimation Also, it seems to be more desuable 
to use a method with a clearer endpomt 

Recently Bulbnng (1946) descnbed a mammalian isolated nerve-muscle pre 
paration, the rat’s phrenic nerve-diaphragm, which has several advantages the 
rat’s diaphragm is a thm muscle which gives constant contractions for many hours 
and allows drugs which are applied to it to be washed out readily A method of 
estimatmg curare-like substances has been worked out using this preparation 

Method 

The rats phrenic nerve-diaphragm preparation was set up as described by BOlbnng 
(1946) The fan shaped muscle strip was sbmulated indirectly to maximal contractions by 
condenser discharges from a neon-lamp circuit The contractions of the muscle were 
recorded by an isotonic lever The muscle was immersed in a bath containmg Tyrode 
solution with twice the normal amount of glucose Pure oxygen or a mixture of 95 per 
cent oxygen and 5 per cent CO, was supphed in fine bubbles by means of a gas distnbuuon 
tube The bath was kept at a constant temperature between 37-38* C Its capacity was 
100 ml Between the addition of one dose of tubocuranne and the next there was an 
interval of 13 minutes during which the Tyrode solution was changed four tunes and the 
regular stimulation of the muscle was not interrupted The routine procedure was as 
follows a dose of tubocuranne was added to the bath and allowed to act for 3 min after 
which the Tyrode solution was changed , 2, 4, and 6 mm later the solution was changed 
agam, after which the preparation was left for 5 mm before adding the next dose of 
tubocuranne By keepmg to this schedule it was possible to obtain a satisfactory recovery 
of muscle contractions and a constant response to a given dose of tubocuranne, provided a 
dose was chosen which did not produce a complete abohuon of muscle contractions but only 
a partial mhibition, preferably of not more than 50 per cent 

The percentage inhibition was determined by measunng the height of contraction just 
before tubocuranne was added to the bath, and agam 3 mm later Thus if the first figure 
was 76 mm and the second figure was 58 mm , then the contraction was reduced to 765 per 
cent of Its onginal height, and the inhibition was said to be 235 per cent 

The effect of the rate of stimulation — ^There are very few references in the 
hterature to any relation between the effect of curare and the rate of stimulation 
In 1935 Bnscoe, usmg the quadriceps muscle of the decerebrate cat, found that 
the action of curare in duninishing ngidity was greater when the stunulation was 
fast than when it was slow It was easy to detennme the effect of different 
frequencies of stimulation on the action of tubocuranne on the isolated prepara- 
tion The response to a given dose of tubocuranne was almost constant, except 
for the response to the first dose applied to a fresh preparation, or to a prepara- 
tion left without tubocuranne for an mterval , such a response was less than 
later responses It was found that an mcrease in rate of stimulation correspond- 
ingly increased the action of tubocuranne (Fig 1) At a rate of 5 per min , the 
addition of 0 09 mg d-tubocuranne chlonde diminished the muscle contractions 
m 3 min by 11,5 per cent while at a rate of 20 per mm the dnninution was 
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36 5 per cent No expenment was done at a rate greater than 20 per mm because, 
presumably owing to fatigue, the muscle then recovered very slowly from the 
effect of the tubocurarme A quantitative study of the relaUon between rate and 
effect was made in different experiments, and the results of two expenments are 
given in Fig 2, which shows the relation between the logarithm of the concen- 



Fig 1 — Rat Isolated diaphragm Record of muscle contractions in 

response to maximal stimulation of the phrenic nerve contractions 
downwards Effects of constant doses of 90 “g. d-tubocuranne chlonde 
(C) at different rates of stimulation indicated below 


tration of tubocurarme and the percentage inhibition of muscle contractions In 
these expenments a diminution m the rate of stimulation from 20 to 5 per mm 
required, m order to obtam the same effect, that the dose of tubocurarme should 
be increased 1 2 times It was also observed that when the stimulation was 
stopped for 5 mm at the moment of addmg tubocuranne, and then restarted for 
3 mm , the reduction of contractions m this penod was less than when the 
stimulation was continued for 8 mm without interruption It is evident that 
the effect produced by tubocurarme is greater when the muscle is workmg and 
that It is a function of the rate of stimulation A variation m the strength of 
stimuli had no influence on the action of tubocurarme 

The effect of carbon dioxide — The curare action was less when pure oxygen 
was used than when the gas mixture consisted of 95 per cent oxygen and 5 per 
cent carbon dioxide (Fig 3) The action of tubocuranne in the presence of 
5 per cent CO. was about 2 5 times that m the presence of pure oxygen Thus 
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the inhibition produced by 0 1 mg d-tubocuranne chloride in 100 ml was about 
30 5 per cent with oxygen, but 74 per cent with a mixture of oxygen and CO, 
This increased action of tubocnranne by the gas mixture is most likely due to 
the action of CO,, as Jacobs and Stewart (1942) have found that CO, catalyses 



Fio 2 — Isolated phrenic nerve diaphragm of the rat Absassae=Iogarithm 
of tubocuranne concentration Ordinatcs= percentage inhibition of 
muscle contractions The effect of different rales of stimulation 
(20 and 5 per nun ) on the action of tubocuranne is shown in two 
expenments (I and II) 

the diffusion of ions through membranes The pH of the fluid in the bath, 
determined by an mdicator method, was 8 8 when oxygen was used, and 7 6 when 
the mixture of oxygen and COj was turned on 

Estimation of unknown samples of tubocuranne — ^The quantitative study of 
a drug such as tubocuranne, which causes cessation of some physiological pro- 
cess which IS not well understood, is often fraught with difflculties , this is 
especially true when the drug is not rapidly destroyed m the tissue and conse- 
quently contmues to exert its action if it is not removed either by the circulation 
as in VIVO or by washing as m vitro However, the isolated rat’s nerve diaphragm 
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preparation gives results which are quite reproducible , in many preparations as 
many as 36 doses could be tested The results in Table I show the regulanty 
with which tubocuranne was found to exert its action in five different experi- 
ments In these the rate of stimulation was 5 per mm 


TABLE I 


Concentration of 
d tubocuranne 
chloride ;ig. per ml 

Percentage inhibition 

Exp 1 

Exp 2 

Exp 3 

Exp 4 

Exp 5 

Mean ± S E, 

1 0 

14 

8 

13 

15 

13 

126±12 

1 4 

30 

19 

30 

39 

32 

30-0±32 

1 8 

42 

44 

54 

57 

49 

492 ±25 

2-0 

62 

61 

67 

70 

67 

654± 17 


In ten experiments an unknown solution of tubocuranne was estimated by companson 
with a known solution The rate of stimulation in the first two expenments was 20 per 
min , m the other eight it was 5 per mm Each time the effect of equal doses was observed 
at first and then the effects of the test solution (T) and the standard solution (S) were 
bracketed as closely as possible Fig 4 is an example of the procedure 1 ml S was 
weaker than 1 ml T 0 5 ml T was stronger, OJ ml T was weaker than 1 ml S , 0 4 ml T 


TABLE n 

ESTIMATION OF UNKNOWN SOLtmoNS OF rf-TUSOCURARINE CHLORIDE (t) BY COMPARISON WTTH A 
STANDARD SOLUTION (s) CONTAINING 200 ftO PER ML 


( 

Date 

Rate of 
Stimula- 
tion per 
mm 

Effect 

of 

equal 

doses 

Bracket 

effect 

ml T>or<ml S 

Geometn- 
cal mean 
ofT 

equivalent 
to 1 ml S 

Observed 
value 
Oig per 
ml ) 

Actual 
value 
O'g- per 
ml ) 

Per- 

centage 

error 

30 Nov 

’45 1 

20 

T <S 

0 77 > 0-45 
054 <045 

142 

141 

150 

- 60 

3 Dec. 

’45 

20 

T - S 



200 

220 

-104) 

2 Sept 

’46 

5 

T <S 

I 4 > 1 

1 0 < 1 

1 18 

169 5 

166 

+ 21 

3 Sept 

46 

5 

T> S 

08 > 1 

0-5 < 1 


317 

333 

- 48 

4 Sept 

’46 

5 

T <S 

1 3 > 1 

1 0 < 1 

1 14 

175 5 

180 

- 25 

5 SepL 

46 

5 

T> S 

0-5 > I 

03 < 1 


513 


2 6 

5 Sept 

’46 

5 

T <S 

1 < 1 

1 2 > 1 


183 5 


- 88 

6 SepL 

’46 

5 

T> S 

05 > 1 

03 < 1 


513 

475 

-h 80 

9 Sept 

’46! 

5 

T> S 

0-5 < 1 

0 66> 1 


350 


- 7 1 

10 Sept 

’46 

5 

T> S 

06 < 1 

0 48> 0-6 

0 69 

290 

270 

-b 69 
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was equal to 1 ml S , similarly, 1 ml T was equal to 2^ ml S As S contained 200 ^>g. 
curanne per ml T was estimated to contain 500 /Jg. , actually it contained 475 /ig. per mL 
Not all experiments were so accurate that the anthmehcal mean of the bracketmg results 
could be used and it was found that the geometncal mean usually gave the better result. 
Table II shows the values obtamed m all the experiments treated m this way 


Discussion 

The use of the rat’s phrenic nerve-diaphragm preparation for the estimation 
of curare-hke activity offers several advantages over current methods It is an 
isolated mammahan preparation which is sufficiently thm to allow substances 
to exert their action quickly and also to be washed out readily It is therefore 
possible to observe an effect withm 3 mm and, if an action has taken place, to 
observe another effect 10 mm later As the preparation remams m good con- 
dition for many hours and doses can be admimstered at 13 mm mtervals, a 
large number of estimations can be made m one day 


Summary 

A method is described for estrmatmg curare-hke activity usmg the isolated 
phremc nerve-diaphragm preparation of the rat The preparation is easily set up, 
results are readily reproduced over many hours, and the error of the method is 
about 6 per cent 


I wish to thank Prof Bum and Dr BOlbnng for their encouragement and guidance in 
this work. 
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THE RELATIVE ACTIVITY OF PROSTIGMINE 
HOMOLOGUES AND OTHER SUBSTANCES AS 
ANTAGONISTS TO TUBOCURARINE 

BY 

EDITH BULBRING AND T C CHOU 
From the Department of Pharmacology, Oxford 

(Received September 24 I94S) 

The need for substances which antagonize curare has ansen with the recent 
introduction of the drug into medicine There is a serious danger of giving too 
much and causing respiratory failure While it is true that this occurrence will 
usually demand artificial respiration, the length of time for which it must be 
continued can be greatly reduced by the injection of a suitable antagonist The 
substances investigated have been the followmg 


Prostigmine 


OCON(CH,), 


3392 


OCON(CH,), 


CHjNCH, 

CH, 


|sO,CH, 


QH, N CH, ■) 
CH, J 


3393 


u 


OCONfCH,), 


C,H, N CH,1 
QH. J ^ 

Esenne H,C 


Miotine OCONHCH, 

CH,CH 

CH,NH]-a 


CH, 


ch; 


J 


I 


H,C CH 


/ 


N 


, OCONHCH, 


i HtSO, 


CH, CH, 

In addition, guamdme and dimethyl guanidme have been tested, smce guanidme 
IS stated by Minot, Dodd, and Riven (1939, 1941) to be a more useful substance 
for treatmg myasthenia than prostigmme itself 

The first senes of experiments was made on the isolated nerve-muscle prepara- 
tion of the rat, recently descnbed by one of us (Biilbnng, 1946) Experiments 
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were then performed on the whole animal to see whether the relationships 
observed m the isolated nerve-muscle preparation held also for muscle in its 
natural surroundings Some toxicity tests were made on mice in order to 
compare the therapeutic indexes of the compounds Finally, experiments v.ere 
carried out to determine the relative anticholinesterase action of the prostigmine 
homologues in the Warburg apparatus 

Experimental Results 

1 The isolated phrenic nerve-diaphragm preparation of the rat 

The method has been descnbed in detail b) BQibnng (1946) and also in the preceding 
paper by Chou The isolated stop of diaphragm was stimulated through the phrenic nerve 
by maximal single shocks at a constant rate of 5 per mm The procedure followed was 
first to determine the percentage inhibition produced by tubocuranne alone within a standard 
time of 3 min , the height of the muscle contraction was measured just before tubocuranne 
was added and also the height of contraction at the end of 3 min„ dunng which tubocuranne 
was present The percentage diminution was calculated from these two figures Between 
one dose of tubocuranne and the next there was an interval of 15 min dunng which the 



Fig 1 — Rat Isolated phrenic nerve-diaphragm preparation Record of muscle contrac- 
tions (contractions downwards) rate of stimulation 5 per mm The inhibition caused 
by four increasing doses of tubocuranne alone (a) is compared with that of four larger 
doses m the presence of the antagonist 3392 (b) in a concentration of 5X10“*, and 
fc) in a concentration of 10 * 


fluid in the bath was changed four times as descnbed in the preceding paper for the estima- 
tion of tubocuranne At the beginning of each experiment three or four concentrations of 
tubocuranne alone were tested Next the antagonist was added to the bath 1 min before 
tubocuranne was added and the inhibition which the latter produced m 3 mm was deter- 
mined An example is given in Fig- 1 The first portion of the record shows the action 
of four increasing concentrations of tubocuranne alone while the later portion shows the 
acuon of four greater concentrations in the presence of a fixed concentration of the 
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prosUgmtne homologue 3392 An attempt was made to match the inhibitions produced by 
tubocuranne alone with similar inhibitions when both tubocurarine and the antagonist were 
present together This attempt was made not only for one concentration of the antagonist 
but for three or four 

The results were plotted on a graph, as shown m Fig 2, where the abscissae 
are the log doses of tubocuranne and the ordinates are the percentage inhibi- 
tions Curve A shows the relation when tubocuranne alone was used . curve B 



Fio 2 — Assay of anti-curarc activity Abscissae = log dose of tubocuranne Ordinates— 
percentage inhibition The dose of tubocuranne causing 20 per cent inhibition can 
be estimated for tubocuranne alone (A) It has to be increased with increasing concen- 
traUons of antagonists-i e , B = 5xI0-» 3392, C=10-' 3392, D=3xl0-» 3392. E F, 
and G represent results with corresponding concentrations of proshginine, which is 
shown to be weaker than 3392 
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Date 

Concentration 

of' 

antagonist 

Dose of tubocura 
20 per cent in 
preset 

nnc (ng.) causing 
ihibition in the 
ice of 

Ratio 

Esenne 

Prostigmine 

7& 10 Dec. 

10-* 

126 

237 

0 53 

I & 2 Jan 

10-* 

100 

114 

0 88 

9 Jan. 

10 ‘ 

108 

95 

1 14 


2 X 10-* 

— 

108 



5 X 10-* 

197 




10 Jan 

5 X I0-* 

69 

78 

0 89 


io-‘ 

91 

106 

0-86 


3 X 10-* 

124 

143 

0-87 

11 Jan 

5 X 10-' 

96 

89 

1 08 


10-' 

84 

130 



2 X 10-* 

93 

132 




I 

Mean ± S E. 

0 85 ± 0-06 



Miotine 

Prostigmine 


19 Feb 

5 X 10* 

120 

117 

1-03 


10-* 

134 

128 

1 05 

7 March 

5 X 10-‘ 

125 

97 

] 29 


10-* 

199 

151 

1 32 


3 X 10-' 

215 

1 

160 

1 35 


1 

j 

1 

Mean ± S E. 

1 

1 21 ± 0 07 


j 

3392 

ProsUgmine 


26 Feb 

5 X 10-* 

140 

134 

1 05 


10" 

228 

159 

1 54 


3 X 10-" 

326 

223 

1 46 

6 March 

5 X 10-" 

143 

127 

1 13 


10-" 

226 

141 

1 61 


3 X 10-" 

393 

200 

1 97 




Mean ± S E, 

1 46 ± 0 13 


1 

3393 

j Prostigmine 


7 Feb 

5 X 10-* 

178 1 

145 

1 22 


10-" 

224 

131 

1 71 


3 X 10-" 

305 

184 

1-66 

8 Feb 

5 X 10-' 

320 

182 

1 76 


10-' 

1 

221 

— 

1 

3 X 10-' 

1 

321 

— 

11 Feb 

5 X lO * 

192 

158 

122 


10-" 

312 

173 

I 86 


3 X 10-" 

416 

251 

I 66 

5 March 

5 X 10-* 

257 

149 

1 74 


io-« 

319 

162 

1 97 


3 X 10-" 

398 

184 

2 16 

12 March 

2 X 10-" 

143 

— 



5 X 10-* 

— 

127 



10-* 

— 

162 




1 

1 

Mean ± SE. 

1 70 ± 0-09 
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shows the relation m the presence of 3392 m a concentration of 5 x ICh’ , curve 
C shows the relation when the concentration of 3392 was 10^ , and finally 
curve D shows the relation when the concentration was 3 x 10-* 

To make the comparison between one antagonist and another, for example 
between 3392 and prostigmme, furthei observations were then made on the 
same preparation, in which the effect of different concentrations of tubocuranne 
was observed m the presence of each of a senes of concentrations of prostigmme 
Results obtained in this way are shown in Fig 2 as curves E, F, and G It was 
found better to arrive at the relative potency of two antagonists by considermg 
only results obtained on the same preparation rather than to compare the effect 
of one antagonist in one preparation with that of another in a second preparation 
Quantitative expression of results — From the graph shown in Fig 2 it was 
possible to determine the concentration of tubocuranne which caused 20 per cent 
inhibition in the presence of each of the different concentrations of antagonist 



Fio 3 — ^The relation between the concenltaUon of antagonist and the dose of tubocuranne 
required to produce 20 per cent inhibition Abscissae =log concentration of antagonist, 
Ordinatcs=dosc of tubocuranne causing 20 per cent inhibition (100 ml bath) 
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An expression for the anti-curanne activity of the substances investigated was 
then obtained, using prostigmine as a standard The results m Table I represent 
the experiments in which the different substances were compared 

The ratio of the amount of tubocuranne required to reduce the muscle 
response by 20 per cent varied little if it was calculated in the presence of the 
same concentration of each antagonist If, however, an attempt was made to 
bracket the effective dose of curanne in the presence of one concentration of an 
antagonist between two doses in the presence of different concentrations of a 
second antagonist, the results obtained varied widely The reason for this diffi- 
culty IS obvious from Fig 3, m which all the results obtained were combmed , 
the graph shows that the anti-curare activity of the different substances is raised 
by different degrees as their concentration is increased It nses more steeply for 
3392 than for prostigmine and less steeply for esenne thus an increase in the 
concentration of the antagonist from 5 x !()■’ to 3 x Kh’ requires 57 per cent 
increase of the dose of tubocuranne in the presence of prostigmine , m the 
presence of esenne only 32 per cent increase is required, while in the presence 
of 3392 the dose of tubocuranne has to be increased by 1 55 per cent 

The general results obtained are set out in Table II, in which prostigmine is 
given the value 1 , the ratios are denved from the data given in Table I 

TABLE n 

ANTI-CURARE ACTIVITY RELATIVE TO PROSTIGMINE •= ] 


Esenne 

1 

0 85 

3392 

1 46 

Miotme 

1 21 

3393 

1 70 


The interesting result was thus obtained that substitution of the methyl groups 
attached to the N atom of the basic radical m the prostigmme molecule, first by 
one ethyl group and then by a second, led to an increase m anti-curare action 

Another companson was made between esenne, prostigmine miotme, and 
3393, m which tubocuranne and its antagonist were added to the bath in doses 
which were the same throughout, viz., 0 4 mg tubocuranne chlonde and 1 /ig 
of the antagonist (100 ml bath) The degree of inhibition of the muscle con- 
traction was determined after 3 mm exposure to tubocuranne when tubo- 
curanne and antagonist were added simultaneously and also when the antagonist 
was added 3 mm 6 mm , and 12 mm before the tubocuranne The results 
obtamed are shown m Fig 4 from which it will be seen that there was htde 
difference between esenne and prostigmine these, however, were weaker than 
miotme and 3392, which were also similar in activity to one another Miotme 
and 3392 were m turn definitely weaker than 3393, which was easilj the strongest 
substance investigated 
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Combination of 3393 and adrenaline — ^Bulbnng (1946) has shown that when 
the addition of prostigmine to the isolated diaphragm results in greater con- 
tractions, the subsequent addition of adrenaline causes a further augmentation 
We have compared the effect of adding 0 25 /'g 3393 together with 50 /tig 
adrenaline, with the effect of the same dose of 3393 alone In each comparison 



Fig 5- — Record as Fig 1 Companson of anti-curare activity of 3393 alone with that of 
3393 combined w^th adrenaline Though contractions W'ere greater when 3393 was 
given together with adrenaline the final curanne inhibition remained unaltered 

the presence of adrenaline augmented the contractions, as shown m Fig 5 The 
adrenalme, however, failed to modify the effect of curanne added 6 mm 
later, so that the final result was the same whether adrenalme was present 
or not 

table m 

effect of guanidine on muscular inhibition before and after tubocurarine (phrenic 

NERVE-DIAPHRAGM PREPARATION OF THE RAT) 


Date 

Dose of 
guanidme 

Time added 
before or after 
tubocurarine 

Dose of 
tubocurarine 

Hg 

Percentage 

inhibition 

Feb 15 

Nil 



80 

47 


1 mg. 

5 before 


37 


1 mg. 

5 after 


41 


Nil 

— 

80 

71 

Jan. 22 




120 

37 



with tubocurarine 

120 

36 



5 before 


18 



10 before 

120 

12 



20 before 

120 

12 
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Fio 6 — Cat Sciatic gastrocnemius (contractions upwards) Rate of stimulation 12 per 

mm (a) Recovery from the effect of 0 25 mg tubocuranne compared with that after 
8 /ig 3393 (b) The same after 16 pg. prostigmine and 8 /*g 3393 (c) After 24 ;ig. 

prostigmine and 8 /ig 3393 

Guanidine and diniethylgiianidine — Guanidine is known to exert an action 
on skeletal muscle, produemg fibrillary twitchmg in low concentration and 
muscular paralysis in high concentration (Meighan, 1917) It has been used for 
patients suffenng from myasthenia gravis, and some observers record consider- 
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able improNcmcnt (Dodd, Riven and Minot, 1939 1941) The present experi- 
ments show that the dccuranzing action of guanidine on the rat’s nerve-muscle 
preparation is very weak Concentrations below 1 ng per ml have no action 
When the concentration is increased to 10 iig per ml a feeble decuranzmg 
activity IS shown within a period of 9 min Even at this concentration, the action 
IS uncertain (see Table III) However, a greater effect was obtained by prolong- 
ing the time before adding curanne Thus when 1 mg guanidine was added to 
the bath 10 min before adding 120 /<g curanne, the inhibition produced was 
diminished from 36 to 12 per cent When larger doses of curanne (e g , 0 4 mg ) 
were used, guanidine had no effect Dimethylguanidinc, which also produces 
fibrillary twitching, was similarly tested Its effect was feebler and less definite 
than that of guanidine 

2 Observations on the cat 

Expenments were carried out comparing the anti-curare activit> of the different 
subslances in the whole animal For this purpose decerebrate cats were used The 
left hindleg was prepared so as to record the contraction of the gastrocnemius muscle 
when the sciatic nerve was stimulated The details of the preparauon were as given b> 
BDIbnng and Bum (1941), injections were made into the bifurcation of the aorta through 
a cannula tied into the nght external iliac arter> and the tension developed in the 
gastrocnemius was recorded , the resting tension was about 1 kg. The sciatic nerve was 
stimulated by condehser discharges from a neon-lamp circuit at a constant rate, which was 
8 per min in some expenments and 20 per min in others The dose of tubocuranne 
was chosen to produce a paralysis lasting about 20 min before recovery was complete , this 
vaned in different expenments from 0 25-0 75 mg In testing the action of prostigmine 
or of its homologucs the dose was injected at a precise interval usually I min after the 
injection of the tubocuranne An example of the effect of tubocuranne alone and of 
tubocuranne followed by 3393 is given in Fig 6 (a) No close comparison between the 
different substances was found possible by this method but in a senes of expenments an 
approximate relation was established by determining the percentage recovery at a given 
time (from 3-12 min in different expenments) after the injection of the tubocuranne 
antagonist Thus in Fig 6 (b) it was shown that 3 min after 16 /ig prostigmine the muscle 
contractions had recovered 38 per cent of their height compared with 56 per cent recovery 

3 min after 8 /ig. 3393 Therefore 16 fig prostigmine was weaker than 8 «g 3393 Similarly 
in Fig 6 (c) 24 /ig. prostigmine was stronger than 8 /‘g 3393 

The final result obtained from a comparison of the two substances on five 
cats IS illustrated in Table IV In the first experiment it was demonstrated that 
prostigmme was clearly weaker than 3393 when the two were injected in equal 
doses In the second experiment it was shown that prostigmine had, however 
inore than one-third of the action of 3393 Finally, m each of three experiments 
prostigmine was found to have approximately 50 per cent of the activity of 3393 
These results agree with those obtamed on the rat’s diaphragm However, when 
prostigmine was compared with 3392 in the whole animal no difference was 
observed between them It should be pointed out that in each expieriment several 
comparisons of the selected doses of the two tubocuranne antagonists were made 
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TABLE IV 

RECOVERY OP MUSCLE CONIRACnONS IN THE CURAREZED SCMTIC-OASIROCNIMIUS PREPARATrON OP 
THE CAT AFTER PROSTIOMINE AND 3393 (PR - PROSTIGMINE) 


Date 

Tune 

of 

injection 

(0 

Tubo- 

curanne 

mg. 

(2) 

Antagonist 
and dose 

Oe.) 

Interval 
between 
injections 
(1) & (2) 
rain 

Interval 
between 
injection 
(1) and 
measure- 
ment 
min 

Per- 

centage 

recovery 

Result 

12246 

2.45 

0-30 

__ 

— 



■■ 

5 



405 


3393 

4 

1 


64 



445 


Pr 

4 

1 


11 

3393 > Pr 


5 24 


Pr 

20 

1 


58 



5 54 

» 

3393 

20 

1 

■■ 

74 


8346 

310 

0-75 

3393 

4 

8 

12 

68 



3 41 


Pr 

12 

8 

12 

76 





3393 

4 

8 

12 

36 

3393 <3 X Pr 




3393 

4 

8 

12 

28 



ma 


Pr 

12 

8 

12 

90 


29 3 46 

12.40 

0-25 

Pr 

16 

1 

11 

10 



107 

If 

3393 

8 

1 

11 

10 

3393 - 2 X Pr 

1446 

11.58 

0-25 

— 



3 

14 



12 28 


3393 

8 

1 

3 

61 



12.58 


Pr 

16 

1 

3 

38 



1.28 


3393 

8 

1 

3 

56 

3393 - 2 X Pr 


ilO 


Pr 

24 

1 

3 

60 



240 


3393 

8 

1 

3 

45 



3.20 

If 

Pr 

16 

1 

3 

68 








Interval between 








injection (1) and 








reappearance of 








contractions 


27 3 46 

1209 

0 75 

3393 

4 

1 

3 min. 40 sec. 



12 59 


— 

— 

— 

4 „ 

10 „ 



1 29 


Pr 

8 

1 

3 

40 „ 



ZIO 


3393 

8 

1 

3 „ 

15 „ 

3393 - 2 X Pr 


246 


Pr 

16 

1 

3 

25 „ 



3 24 


3393 

8 

1 

3 

15 „ 



348 


3393 

16 

1 

2 „ 

25 .. 



406 

If 

Pr 

32 

1 

2 „ 

55 



3 Observations on toxiaty 

It remained to compare the toxicity of these substances m order to discover 
whether the ratio of the toxic dose to the active dose was greater for 339 J than 
for prostigmme 

White mice were used Different doses of prostigmme and 3393, calculated 
per 20 g mouse, were injected mto the tail vem The LD50 of 3393 was ftg 
per 20 g mouse, that of prostigmme was 3 2 fig per 20 g mouse When atropme 
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(40 /ig. per 20 g mouse) was given intrapentoneally 1 hour beforehand, the 
toxiaty of both substances was reduced to less than half For 3393 the LD50 
was 2.7 /ig per 20 g mouse, for prostigmme it was 7 9 /ig per 20 g mouse Thus 
the ratio without atropine was 2 7 and m the presence of atropme 2 9 As the 
anh-curare activity of 3393 compares with that of prostigmme as 2 1, and th£ 
toxicity as 2 7 1 and in the presence of atropme as 2 9 1, the therapeutic mdex 
of 3393 IS shghtly less favourable than that of prostigmme 

4 The inhibition of cholinesterases by prostignune and related substances 

Prostigmme and sunilar substances are inhibitors of cholmesterases, but it 
IS still under discussion whether or not them anti-curare effect is fuUy explamed 
by them affimty to cholmesterase One of us (Chou) has therefore compared the 
mhibitory action of prostigmme, miotine, and the two homologues of prostigmme 
on the enzynuc hydrolysis of acetylcholme Schweitzer, Stedman, and Wnght 
(1939) have compared the inhibitory action of prostigmme and 3393 on the 
emzymic hydrolysis of butyiylcholme by horse serum , they found a stronger 
mbibihon with 3393 Horse serum, accordmg to Mendel, Mundell, and Rudney 
(1943), contams chiefly a non-specific cholmesterase, and we have therefore 
exammed preparations from three different sources, viz, (I) human plasma, (2) 
human red cell haemolysate, and (3) suspensions from the dog’s caudate nucleus 
Human plasma, like horse serum, contams a non-specific esterase, but red cells 
and brain suspensions contam a specific cholmesterase 

The rate of hydrolysis was followed manometncally using Warburgs method The 
gas mature was 95 per cent N, and 5 per cent CO, and the total reacUon volume was made 
up to 3 ml The physiological solution employed was Krebs’s bicarbonate-Rmger The 
cxpenments were earned out at a temjieraturc of 38'C, In all expenments inhibitor ana 
enzyme were filled mto the mam compartment of the conical manometnc flasks the 
reaction was started by tippmg the acetylchohne from the side bulb The amount of carbon 
dioxide liberated from the 3rd to the 33rd mm after Uppmg was used for calculatmg the 
percentage inhibition In all expenments the concentration of acetylcholme bromide used 
as substrate was 6x ICHM 

(a) Expenments on human plasma, — ^The hydrolysis of acetylcholme was 
strongly inhibited by all three members of the prostigmme senes (Table V) with 


TABLE V 

THE PERCENTAGE INHlBrnON OF CHOLINESTERASE IN HtU-lAN PLASMA BY THE 
PROSnGMINE SERIES 


Inhibitor 

1 Percentage inhibitions at 

10-*M 


lO-’M 

Prostigmme 

89 

1 90 j 

54 


40 

3392 



94 

— 

1 

59 

3393 

— 

1 « 1 

81 

1 ~ 

1 80 

1 
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inhibitor concentrations of lO^M and lO'^M The percentage inhibitions were 
m the order Prostigrame <3392 <3393 

(b) Experiments on human red cell haemolysate — ^The red cell esterases are 
known to be closely related to the tnzyme. of nervous tissue In our experiments 
the inhibitions were less than with the plasma esterase , this may be explamed by 
the high affinity of the red-cell enzyme to acetylcholine 

Prostigmine and its homologues were examined in a molar concentration of 
1 O'® and the percentage inhibitions were prostigmine, 70 , 3392, 82 , and 3393 

CO, 



MINUTES 

Fig 7— Inhibition of cholinesterase m human red corpuscles haemolysate Abscissae 
time in minutes Ordinates = mm ’ CO 
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94 per cent Thus, as for the plasma enzyme, the order of inhibitory activity 
vras prostigmme <3392 <3393 In order to obtain a more quantitative 
esumate of the relative inhibitor properties of prostigmme and 3393, the expen- 
ment shown in Fig 7 was carried out It shows that the inhibition of the red- 
cell enzyme caused bv 10 ‘M 3393 was only slightly less than that caused by a 
tenfold molar concentration of prostigmme 

We have also compared the inhibition of the red-cell enzyme by miotine and 
b} prostigmme m tw'o experiments, using the inhibitors at a molar concentra- 
tion of 10 ‘ Prostigmme was slightly more effective than miotine 

(c) E\penments with suspension of dogs brain — The results obtained with 
a suspension of the caudate nucleus of the dog confirm earlier observ'ations on 
the high cholinesterase activity of this tissue In our experiments 10 mg of brain 
tissue (fresh weight) were used m each flask Our results with the three members 
of the prostigmme senes are closely similar to those obtamed with human red 
cells In lO'^M concentration, the percentage inhibitions were prostigmme, 60 
3392, 78 , and 3393, 91 per cent 


Discussion 

It is not known whether the anti-curare activity of substances which inhibit 
cholmesterase is solely due to this property or whether another mechanism is 
mvolved In the experiments desenbed in this paper it was found that sub- 
stitution m the prostigmme molecule of one or two of the methyl groups attached 
to the N atom of the basic radical by ethyl groups led to an increase m anti- 
curare activity , similarly, this change led to an mcrease m anti-cholmesterase 
activity Thus the order of potency was found to be prostigmme <3392 <3393 
But while the substitution of two methyl groups m the prostigmme molecule by 
two ethyl groups doubled the anti-curare activity, it caused a greater mcrease m 
the inhibition of cholmesterase When miotme which does not resemble 
prostigmme so closely, was tested, it w^s found to have the same anti-curare 
activity as prostigmme, but to be definitely weaker ii) mhibitmg cholmesterase 
In the prostigmme homologues the change m anti-curare action and anti-cholm- 
esterase action is m the same direction, though not parallel It remains doubtful 
whether a general parallelism exists between the two properties for substances 
other than those of closely related chemical structure 

Summary 

1 The activity of prostigmme homologues, eserme and miotme as antagonists 
to tubocurarme was estimated on an isolated muscle preparation and m the whole 
animal 

2 The isolated phrenic nerve-diaphragm preparation of the rat was found to 
he a quick method for comparmg large numbers of compounds The results 
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obtained with this method were in good agreement with those obtamed m vivo 
on the cat’s sciatic gastrocnemius 

3 The activity of prostigmme homologues as mhibitors of cholmesterasc 
increases m the same direction as their anti-curare activity It is doubtful 
whether a similar parallelism holds for molecules of different structure 

We wish to express our thanks to Dr H Blaschko for his great help and advice with 
the manometnc expenments 
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EFFECT OF STREPTOMYCIN ON EXPERIMENTAL 
TUBERCULOSIS IN GUINEA-PIGS 

BY 

LOIS DICKINSON 

From the Research Devartment, Bactenojogy Division Boots Pure Drug Co , Ltd 

Nottingham 

(Recclrcd October 19 1946^ 

There have been several favourable reports from U S_A on the eflScacy of 
streptomycm as a chemotherapeutic agent, with particular reference to tubercu- 
losis (eg, Feldman and Hinshaw, 1944, Feldman, Hmshaw, and Mann, 1945 , 
Youmans and McCarter, 1945) 

The present paper reports investigations earned out durmg the past year with 
a stram of Mycobacterium tuberculosis (human), the results of which confirm the 
observation that streptomycin exerts a marked suppressive action on guinea-pig 
tuberculosis 


Experimental 

Strain— A virulent strain of M tuberculosis (human), H.418 supphed ongmaUy by 
Dr Ungar of Messrs Glaxo, Ltd , was employed for all tests When a three-week growth 
from a Ldwenstem slope was used, 0 0001 mg. of this stram conststently gave nse to a 

progressive and fatal disease within 6 months 

.tnimn/r -Guinea-pigs from the laboratory-bred stock and weighmg appi^ately 
500 g. were used All animals received an ample diet, mcludmg green vegetables daUy, 

and cod liver oil twice weekly ^ n 

Streptomyan—For the suppbes of streptomycm hydrochlonde I am 
Lumb, M.SC., of this Division, who prepared the culture filtrates, and to Dis Shoi^ 
Coppock, and Falconer, who supervised the extraction and preparaUon of the sohd 1 
matenal used was, m general, of a potency rangmg from 89 to 450 u /rag. or mj n 
the sohd matenal was dissolved m stenle salme or Ringer s solution 

In vitro Tests , j 

When the floating pelhcle test with Douglas s modification of Longs minium J'as ^ 
stram H.418 was inhibited completely at 10 u /ml and there was some 
When Youmans’s (1944) submerged culture test and the above m um, 
ox serum added were used, the effects vaned with the size of e m nnu ^ 
noted with other substances Table I gives typical results of to tc^ “ ^ 

that 6 5 u /ml inhibited the growth of a small inoculnm, of w c \ , inocula 
whilst quite large amounts of streptomycm had httle or no effect on much larger mocula 

Tuberculostatic acnon of the blood of treated gumea-pigs enm-a 

It was readily shown by the Brownlee test (1945) that the heart W°od of^«^ gmn^- 
Pigs Inhibited the growth of tubercle barilb For to test ‘I'' ^ 
modified Long’s agar medium, and sowed wth stram H.418 The blo^ t^en op 
hours after the suSutaneous mjection of 1^00 umts of streptomycm showed this inhibition 

of growth of the organisms 
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TABLE I 

SUBMERGED GROWTH OF M TUBEICULOStS IN PRESENCE OF STREPTOMYCrf< (2 WEEKS) 


Concentration 

of 

streptomycin 

Inoculum size per 10 ml 


0 05 mg j 

j 0 005 mg. 

Nil (control) 1 

i T-h-b 1 

•f-4' 1 

-f + 

1 

-n- 

1 ] 

! 44 

++ 

6 5 u /ml 

, + + + 1 

-b-b-l- : 

4- 4- 

1 ++ 


— 

65 u /ml 

1 + + + 

•4- 4* + 

-t- 

I + 


— 

650 u /ml 1 

j 4- "h 4- 1 

-f+-i- ! 

•++ 1 

i + 

1 



In VIVO Tests 

Test 1 — In a preliminary test a daily dosage of 2,000 u /pig/day was given to six 
guinea-pigs for 8 weeks 500 units being given subcutaneously four times daily, at 3 hourlj 
intervals, commencing 4 days after the intrapentoneal injection of 0 0005 rag strain H418 
None 01 the six controls or the six treated animals died during the 8 weeks of the experi 
ment, but on necropsy the results were considered promising, especially in view of the 
relatively small dosage All the guinea pigs showed macroscopic evidence of the disease 
the control animals had very extensive tuberculosis of the spleen, liver, and lungs, and a 
large lesion at the site of injection in contrast, none of the treated guinea pigs had a local 
lesion and only one had more than scattered tubercles in the spleen and lungs Spleen 
cultures of all animals, both treated and controls, were positive 

Test ll —In view of the promising results of Test I and the availability of more strepto 
mycin a second test was made, using a much larger dose of the drug — i e , 10,000 u ] day I pig 
All animals received an intramuscular infecting dose of 0 0001 mg of strain H 418 Thirty 
SIX guinea pigs were divided into three groups 
Group I — 12 controls 

Group 11 — 12 treated for 14 weeks from date of infection 
Group III — 12 treated for 11 weeks, starting 24 days after infection (when positive 
with 005 ml of 1/100 tuberculin) 

Groups II and III received four subcutaneous doses of 2,500 units streptomycin cverj 
day at 8 30 a m 1 1 30 a m , 2.30 p m , and 530 p m The animals were weired fortnightlj 
unul the first part of the exfieriment was ternunated after 14 weeks At this stage nine 
animals of each group were killed, the remaining three being left without further treatment 
in order to ascertain the consequences of discontinuing administration of the drug. 

Before being killed each animal was again tuberculin tested After necropsy cultures 
were made from the spleens and portions were injected into healthy guinea-pigs Sections 
of spleen lung, and liver were preserved for histological examinaUon 

An approximate numerical assessment of the macroscopic evidence of disease was 
carried out by the method of Sher and Kloeck (194fi), each organ having the following 
maximum value 

Lymph nodes 8 Liver 28 

Spleen 24 Lungs 40 


Results 

As can be seen from Table II, the results were encouraging Six of the nine 
guinea-pigs treated from the date of infection and two of the eight which did not 
receive treatment until 24 days after infection showed no macroscopic evidence 
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of tuberculosis , the other treated animals showed only slight glandular mvolve- 
menL All the control animals showed widespread macroscopic tuberculosis which 
would obviously have been fatal m a few weeks spleen, glands, liver, and lungs 
were mvoUed and the group assessment was 33 (average of the 9 pigs), agamst 
0 6 for Group 11 and 2 0 for Group III Before the animals were killed, some of 
the tuberculin tests on the treated guinea-pigs were doubtful, whereas all those 
made on control animals were strongly positive 


TABLE It 

THE INFLUENCE OF STREPTOMYCIN IN GUINEA-PJG TUBERCULOSIS 


TB assessment 


Group 

Treatment 

' Length of i 
' infection i Deaths 

1 

1 1 Group 

^ Individual animals average 

I Conlrols 

9 

3 * 

Nil 

Nil 

1 14 weeks 0/9 

1 22 weeks \ 1/3 

12, 22, 38 55 33, 
39 37, 45 16 

58, 78 85 

33 

74 

II Treated from 
date of infection 

9 

3 1 

10,000 u /day for 
14 weeks 

10 000 u /day for 

1 14 weeks then 1 
1 nil for 8 weeks 

14 weeks | 0/9 

1 

22 weeks , 0/3 

i 

0 0 0 0 2, 2, 2, 0, 0 

24, 8, 26 

1 06 

19 

HI Treated when 
tuberculin positii’c 
(24 days after 
infection) 

9 

3 

j 

— 

10 000 u /day for 
11 weeks 1 

10,(K)0 iL/day for 

1 11 weeks, then 

nil for 8 weeks 

1 

1 

i 

14 weeks I *1^9 

i 

22 weeks | 0/3 

2, 2, 0 0, 2, 4, 4 4 

49, 49, 39 

1 

22 

44 


• This death (premature) was not due to T B 


Spleen cultures and injection of spleens into normal guinea-pigs — AU spleens 
were cultured on Lowenstem medium Six out of nme of the control samples gave 
^ positive response, whilst of the three negative ones two were macroscopically 
infected In both Group 11 and Group in two spleens out of nme gave a positne 
result 

Half of each spleen of eleven of the treated gumea-pigs (six from Group IT, 
five from Group ill) was ground with sand and Rmger’s solution, and the super- 
natant flmd from each preparation was mjected mto a normal animal The two 
controls showmg the least degree of infection were also tested m this way In 
all cases, except one of Group III. the gumea-pigs developed widespread 
tuberculosis m two months 
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Development of tuberculosis on cessation of streptomycin treatment — ^Three 
guinea-pigs from each group were left on test after cessation of streptomycin 
treatment in order to ascertain whether the disease would flare up After two 
months, one control had died, and all other pigs were tuberculm positive and 
showed at necropsy macroscopic tuberculosis of spleen, lungs, and glands As 
would be expected, the disease was far more extensive m the controls than in 
the treated pigs, but even the latter showed marked glandular and spleen involve- 
ment Assessments are given m Table 11 

Toxicity — ^At the beginnmg of the expenment streptomycm made the animals’ 
skins very sensitive and there was considerable imtation This effect was not 
observed after several weeks, and may have been due to the impurities present 
in the early batches used At necropsy there were no signs of any toxic effect and 
all pigs appeared healthy thsoughout the expenment and were gaining in weight 

Discussion 

The results, although of necessity limited to small numbers of animals owmg 
to the small amounts of streptomycin available, confirm Feldman’s work (1944 
1945) regarding the marked suppressive effect of the drug on experimental tuber- 
culosis of guinea-pigs Under our experimental conditions, 10,000 u /day were 
effective, although the results of spleen culture and the flare-up tests showed that 
virulent and viable bacilli were still present after 14 weeks’ treatment Dunng 
treatment the disease did not progress beyond minor mvolvement of glands and 
spleen, and in several pigs it was macroscopically absent The presumption is 
that if the expenment had been contmued longer these pigs would not have 
developed the disease so long as treatment was mamtained, whereas the controls 
were obviously succumbing to generalized tuberculosis Feldman’s failure to 
eliminate tubercle bacilli from the body has also been confirmed by these expen- 
ments It is obviously important to discover whether or not more extensive treat- 
ment will cure the disease entirely This and other related studies are now in hand 
in these laboratones 

Summary 

1 The marked suppressive effect of streptomycm on experimental tuberculosis 
of guinea-pigs has been confirmed 

2 Under our conditions the disease was not entirely eliminated from the 
treated animals 


The author wishes to thank Sir Jack Drummond, F R5 , and Mr C E Coulthard for 
their interest in this work, and Miss B Bailey, BSc , for her ass stance in the m mo work 
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THE RELATIONSHIP BETWEEN SURVIVAL TIME 
AND DOSAGE WITH CERTAIN TOXIC AGENTS 

BY 

G E P BOX AND H CULLUMBINE 
From the Chemical Defence Experimental Station Porton 

(RcoeiTcd November 15 1946) 

In toxicity experiments with chemical warfare agents it was frequently noticed 
that animals which had received the largest doses died more quickly than those 
receivmg smaller doses The investigations descnbed here were earned out in 
order to find whether a quantitative relationship existed between dosage and 
survival tune and, if so, how best this relationship could be expressed and used 
It has not been possible for the present authors to pursue this mvestjgation very 
far, but in view of the mterestmg results so far obtained it is hoped that others 
may extend this study to other substances 

The substances used m our mvestigations were mustard gas, SfCTI- CH 2 CI)., 
and phosgene gas, COQ, When breathed by anunals these substances exert 
their effect in quite different ways anunals dymg after exposure to phosgene 
consistently showed, at autopsy, a picture of pulmonary oedema , those dymg 
after exposure to mustard gas vapour, however, presented a more vaned patho- 
logy, pseudo-membranous tracheitis, pulmonary oedema, broncho-pneumonia, 
and ententis bemg the predominant autopsy findings 

The survival tunes of the animals were quite different with mustard gas 
anunals may die from the direct effect of the vapour 20 days after exposure, 
whereas with phosgene nearly all animals die in the first 48 hours 

Mice exposed to mustard gas 

Mice were exposed to mustard gas vapour in a constant-flow apparatus The advantage 
of this type of apparatus over the static chamber is that the concentration of gas does not 
tend to fall off dunng the exposure as it does with the latter owmg to adsorption on to the 
surface of the chamber and the antmals fur In the constant-flow apparatus a continu- 
ous flow of air-gas mixture of the required concentration is drawn through the chamber 
In the experiments descnbed here the volume of the chamber was 20 litres and the flow of 
au-gas mixture was 200 litres per minute The liquid mustard was evaporated mto the 
air stream at the required rate by means of an electnc heating coil The atmosphere ip the 
chamber was continuoiisly sampled throughout the exposure and accurate determinations 
(within about I or 2%) of the concentrations in the chamber could be made 

240 male albino mice (of weight 25-30 g.) were mixed up together and 8 groups of 30 
mice selected at random The groups were exposed all on the same day to 8 different 
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concentrations of mustard vapour The exposure time in each case was 10 minutes The 
exposures were earned out in wire cages which had separate compartments for each mouse 
in order to avoid the possibility of the mice huddling together and breathing through each 
other’s fur 

The mortalities at the end of successive 24-hour penods are shown in Table I 

TABLE 1 

DBTRlBimON OF SURVIVAL TIMES IN GROUPS OF 30 MICE EXPOSED TO VARIOUS CONCENTRATIONS OF MUSTARD 
VAPOUR FOR 10 min IN A CONSTANT-FUJW APPARATUS 


Concen- 
tration in 
mg./cu m 


2 3 4 


5 6 7 8 9 


Time m days 


Total 

moTtahty 


10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 



Analysis of results 

(i) As a prelmunaiy analysis the median tune for each group was plotted 
agamst the dosage , m genera], it was clear that median survival tune decreased 
with mcrease of dosage, but not as a Imear function . m fact, a smooth curve 
drawn through the pomts resembled a rectangular hyperbola A second very 
noticeable feature of the data was the mcrease m spread of the observations m 
the groups with larger average survival times 

(u) The original data were converted to logarithms and, m the groups where 
all the animals died, the means and standard deviations were computed m the 
usual way In the groups m which some animals survived, estimates of the 
means and standard deviations were obtained by plotting the logarithms of the 
individual observations m each group on a probit scale and estimating the mean 
from the mtersections of the best “ eye-fitted ” Ime with the ordmate at 5 probits. 
and the standard deviation from the reciprocal of the slope of the Ime (Bliss, 
1936, and Gaddum, 1945) It seemed doubtful whether very accurate estimates 
could be obtamed by this method, smee there appeared to be a general tendency 
for the Imes to be convex upwards (i e , for the distnbutions to be positively 
skew), and the assumption of normal distribution, on which this method is based, 
therefore seemed to be mvahd A second very noticeable feature about the data 
was that m spite of the log transformation the means and standard deviations 
for the groups were still highly correlated (the product moment correlation 
coefficient for the unweighted data was about 0 93. which is highly significant 
P:=<0{)01) 


















SURVIVAL TIME AND DOSAGE 


29 


When these estimates of the mean log survival times were plotted agamst the 
loganthms of the dosage there appeared to be a Imear relationship A straight 
line drawn through the points had a slope of about - I , suggestmg a reciprocal 
relationship between time and dosage 

(ui) The ongmal data were therefore converted to reciprocals, and means 
and standard deviations of the reciprocal survival times for the groups were 
found as before It was noticeable that when the results for each group were 
plotted on a probability scale there seemed to be no tendency for the pomts to 
be curvihnear, which suggested that after this transformation the data were 
more nearly normally distributed A second feature of the use of this trans- 
formation was the apparent stabihty of the vanance (The product moment 
correlation coefBcient for the unweighted data was about - 0 26, which is quite 
non-sigmficant P =0 5 ) 

The values for the estnnates of means and standard deviations for the groups 
usmg the loganthmic and the reciprocal transformations are given in Table 11 

TABLE It 

VALUES FOR THE ESTIMATED MEANS AND STANDARD DEVIATIONS OF TRANSFORMED SURVIVAL 

TIMES (days) 


Group 

Mustard 
dosage 
(CO mg 
mm /cu m 

Log transformation 
(log days) 

Reciprocal transformation 
(100 \ days-*) 

Mean 

Standard 

deviations 

Mean 

Standard 

deviations 

A 

670 


0 31 

1 3 

68 

B 

930 


0-35 

3 9 

78 

C 

1160 


025 

52 

43 

D 

1600 

1 10 

021 

7 1 

60 

E 

2600 

0-88 

0-19 

14 6 

70 

F 

3000 

0 87 

0-20 

14 6 

54 

G 

3750 

071 

0 12 

20 1 

5 I 

H 

5050 

060 

0 10 

26-0 

64 



Correlation coeff between 

Correlation coeff between 



mean and S D — 0-93 

mean and SJ3 = — 026 

— - - ' 


F 

> = 0-001 


P=05 


When the estimates of the mean reciprocal survival tunes were plotted 
agamst the dosage the pomts appeared to fall near a straight line 

It is clear that the estimates of mean reciprocal survival tune were not of 
equal rehabdity, since some were estimated from complete data m the ordmary 
way, whflst others had to be obtamed by graphical methods Some system of 
weightmg should therefore be used to allow for this Bliss (1936) and Stevens 
(1936) have worked out a method for an analogous case in which by successive 
approxunation the maxunum likelihood estimates of the means and standard 
deviations of the truncated normal curve can be calculated to any required 
degree of accuracy They also give tables of a fector E which enables one to 

B 
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calculate the vanance of the mean of the truncated curve This factor E may be 
used to furnish a weightmg factor NfE 

When the data are complete (i e , when all the anunals react), E is equal to 
unity and the weighting factor becomes equal to N, the number of animals in 
the group When the exposure curve is truncated owmg to some animals failing 
to react, N/E will give the equivalent number of animals which would have 
given as accurate a result if they had all reacted With the reciprocal trans 
formation, all the points seemed to fit the dosage-probit hne and there was 
no difficulty m deciding at what pomt truncation* had occurred , it was in every 
case determined simply by the proportions of animals dying 



•Bliss (1936) dealt with a similar problem (reaction time of organisms when immersrf 
m a toxic solution or gas) His data usually showed a tendency for the points correspond- 
ing to the last few organisms to react to fall away from the Ime He regarded thew 
organisms as atypical and found the point of truncation by noting where the Ime appeared 
to change in slope 
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To test the hypothesis that the reaprocal of the survival tune was linearly 
related to the dosage a regression line was fitted between the means of 
the reciprocal survival times and the dosages This hne, together with the 
approximate 95 per cent fiducial limits, is shown m Fig 1 

An alternative hypothesis is that the survival time is proportional to the 
dosage (i e , that the Ime passes through the ongm) , a second calculation was 
performed, therefore, and the best-fittmg hne obtained with the restnction that 
It should pass through the ongm The “goodness of fit” xif the two fines 
may now be tested, smce we may compare the sum of weighted squares 
of residuals in each case with the pooled “ withm groups ” variance , the 
ratio of these two quantities will be distnbuted approxmiately as (since 
the numbers of observations involved m the between groups variance is 
large) We obtain 


TABLE m 

Hypothesis (1)— Hypothesis (2) 

DOSE AND RECIPROCAL OF SURVIVAL TIME DOSE AND RECIPROCAL OF SURVIVAL TIME 

LINEARLY RELATED PROPORTIONAL 


X 

Degrees of freedom 

P (approx.) 

x’ 

Degrees of freedom 

P (approx ) 

3 43 

6 

0 75 

5-03 

7 

0-5 


It is clear that either of the above hypotheses is acceptable 
A distmction is here drawn between the two possibilities, smce it seems likely 
that for some toxic substances a definite “ threshold ” effect may exist when, 
although the relationship might be Imear, the Ime would not pass through the 
ongm It seems useful to keep the more general case m mmd, even though in 
our work we have found no significant departure from proportionality 

TABLE IV 

distribution OF SURVIVAL TIMES IN GROUPS OF RATS EXPOSED TO VARIOUS CONCENTRATIONS OF PHOSGENE 
GAS FOR 10 MIN IN A CONSTANT-FLOW APPARATUS 
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Rats exposed to phosgene gas 

The apparatus used for the phosgene exposure is descnbed fully elsewhere (Box and 
Cullumbine, 1947) A number of groups of albino rats (weight 115-125 g.) were exposed 
all on the same day to vanous concentrations of phosgene , as with mice, each tat was 
exposed in a separate compartment. The exposure time was 10 minutes m each ease. The 
rats were inspected at the times shown and the mortahUes recorded The results are given 
m Table IV 

Analysis of results 

The results were analysed exactly as before, the features of the distribution 
of survival tune being remaricably similar Agam we found a general decrease tn 
survival tune with mcrease m dosage, which assumed a Imear form when plotted 
on a log-log scale with slope approximately equal to - 1 Agam the spread of 
observations was correlated \Cith the mean value and this was still the case on 
transformmg to logarithms (r=0 87, P=:001). but not the case with reciprocal 
transformation {r= -0 28, P^0 5) As before, plots of probit mortality against 
log dose suggested positively skew distribution with the log transformation, but 
normal distribution with the reciprocal transformation 

The values for the estimates of means and standard deviations for the 
individual groups are given in Table V 


TABLE V 

VALUES FOR THE ESTIMATED MEANS AND STANDARD DEVUTIONS OF TRANSFORMED SURVIVAL 

TIMES (hours) 


Group 

1 ^ 

1 Phosgene 

dosage 
(Cl) mg. 
mm /cu m 

Log transfonnation 
flog hours) 

1 Reciprocal transformation 

1 (100 X hours-') 

Mean 

Standard 

deviations 

1 

Mean | 

Standard 

deviations 

T 1 

1510 

145 

0-34 

28 

5-0 

u ! 

1560 

143 

0-33 

33 

52 

V 

3000 

134 

047 

4-0 

10-9 

w 

4110 

1-07 

0-27 

89 

6-0 

X 

5890 

05>4 

024 , 

13-0 

57 

Y 

7020 

0-80 

014 1 

167 

58 

Z 

9230 

0-72 

0 13 

201 

5^7 

1 

1 


Correlation cocff between 
, mean and St* - 0-87 
Ps^-01 

1 Correlation coeff between 
mean and SJJ - — O-TB 
' P^05 


Regression hnes were calculated exactly as before and the Ime obtained on 
the hypothesis of simple Imeanty is shown m Fig 2 

Again the alternative hypothesis of proportionality between mean reciprocal 
tune and dosage was tested, and the values obtained for m the test of goodness 
of fit are given in Table Vt 
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TABLE VI 

H\pothesls (I) H\potliesls (2) 

DOSE AND REOPROCAL OF SURSTVAI. TIME DOSE AND RECIPROCAL OF SURVIVAL TIME 

LINEARLY RELATED PROPORTIONAL 


x’ 

Degrees of freedom | 

[ P (approx ) I 

i 

Degrees of freedom j 

P (approx ) 

1 81 

1 

5 

0-9 

m 

6 

09 


As before, neither of these tests demonstrates significant departure from the 
respective hypotheses 



Fig 2 — Phosgene The mean reciprocal survival time for groups of rats exposed 
lo vanous dosages of phosgene gas, showing the line of best fit with its 95 per 
cent fiduaal limits. 


Discussion 

Interpretation and use of the relationship 

The use of survival time in pharmacological experiments has been largely 
confined to the standardixtng of cortical extracts (Bulbnng, 1937, et a/) We 
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believe that where substantial correlation can be shown between dosage and a 
function of survival time, its use may be considerably extended With the two 
substances and species of animals mvestigated our expenments suggest (i) Rate 
of dymg (i e , the reciprocal of the survival time) is dnectly proportional to the 
dosage , (n) rate of dymg tends to be homoscedastic (i e the variance is roughly 
constant for different survival tunes) , (m) rate of dymg is probably more nearly 
normally distnbuted than survival tune or log survival tune These facts were 
used m the design and analysis of expenments, mcludmg many to assess the 
value of suggested therapies for chemical warfare agents In this type of expen- 
ment it is a great advantage to be able to test a large number of factors at once 
in accordance with the pnnciples of experunental design desenbed by Professor 
R Aj. Fisher and his followers For example, the injection of a certam substance 
may be suggested as a possible treatment for a certam type of poisomng, but 
normally there will be many uncertamties, such as the correct dose, the best 
route of admmislration, whether it should be given in smgle or divided doses, 
and so on We could, of course, try to guess what would be the most promismg 
combmation of these factors, expose a control and treated group to (say) an 
LD90 of the poison, and observe whether any significant reduction of mortality 
in the treated group occurred If it did, then attempts to enhance it by varymg 
other factors could be earned out later The disadvantages of this type of expen- 
mentation are (i) if we guess wrongly we may miss the treatment altogether, 
(lO It IS very uneconomical m the use of animals and (ui) it cannot detect 
interaction between factors 

By means of a contmuous vanate, such as transformed survival time, many 
of the factors can be mtroduced into the first experiment wilhout increasing its 
size or losing efficiency in testing significance (Fisher, 1942) Difficulties occur, 
however, when attempts are made to use factorial schemes in which percentage 
mortality is the variate The most important of these is the lack of range of this 
type of experiment Usually we try to get our stock of anunals as uniform as 
possible, but the more uniform we make them the smaller will be the range over 
which we shall get a response between 0 and 100 per cent mortality When a 
number of factors are introduced 'to be tested sunultaneously, the range of the 
effects will usually be increased , this will often result in a number of groups with 
0 or 100 per cent mortality which have little weight and cannot be compared 
one with the other We can widen the range of the experiment by carrymg it 
out at more than one dosage level , but this type of experiment will almost 
certainly have a low overall efficiency owing to the number of groups with httle 
weight Further, if we try to mtroduce a number of factors and dosage levels, 
we shall soon have to increase the overall size oMhe experiment, otherwise the 
individual group will become too small In this way when a quanta! response is 
used the advantage of the factorial design tends to be lost Provided that the 
groups are large enough, this type of experiment can be analysed by the use of 
the transformation x=sin Wp (where p is the proportion dymg) 
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This transformation overcomes the difficulty of mequahty of variance in the 
groups , Its disadvantage, however, is that the transformed vanate wfll not be a 
linear function of dosage However, if we use a transformation which is a linear 
function of dosage (i e , the probit transformation), the weights will depend upon 
the expected values and be different for different groups Fmney (1943) has 
given the solution m this case, but his analysis is by multiple regression and 
becomes labonous when there are many factors, especially if some of the 
mteraction effects have to be mcluded m the analysis 


In view of difficulties of this kmd ansing out of the use of a quantal response 
(percentage mortahty), wherever it could be shown that some function of sur- 
vival tune was closely correlated with dosage, factorial experiments have been 
earned out with this function as the vanate The procedure was to give very 
large doses (usually 3-5 times the LD50), which it was known would probably 
result m 100 per cent mortality even if the treatments were faurly effective , the 
therapies were then judged by the increase m survival time For example, with 
mustard gas and phosgene, the use of the reciprocal transformation allows the 
ordinary methods of analysis of variance to be correctly applied As an additional 
safeguard the most promismg of the treatments may be compared by using 
percentage mortality and (if the experiment is earned out at more than one 

do^ge level) by calculating the index = tofo for conUol g^up- 

mdex will gi\e a true measure of the effectiveness of the treatment and is a 
snmlar measure to M (the log of the ratio of the potencies) used by Gaddum 
(1933) It IS mterestmg to note that / is a function of the percentage mortahty 
and b (the slope of the probit-dose Ime), so that unless b is known a test at 
one dosage level usmg percentage mortality as the vanate does not provide us 
with any information about the absolute effectiveness of the treatment , e g , it is 
possible for two equally good therapies to give quite different reductions m mor- 
tahty if the values of 6 m the two tests are different However, in the case of sur- 
vival tune, the ratios of the means of the transformed survival tunes in control and 
treated groups will give a measure of effectiveness which is mdependent of the 
standard deviations of the groups For instance, we found that, where the reaprocal 

, . - Median survival time of treated group 

transformation is appropnate, It= rr ‘3 , r", j r — ~ gives 

vf V Median survival tune of control group 

a measure of effectiveness, which is often a good approximation to I 

Even if a relationship can be established between transformed survival tune 

and dosage for a particular case, it will not follow that the method outlmed here 


will necessarily be appropnate for the testmg of therapies Examples may occur 
where a therapy will mcrease the survival tune without reduemg mortality 
Usually, however, a knowledge of the probable mechamsm of a therapy will 
enable one to judge whether this method of experimentation will be appropriate. 
In the opinion of the authors the techmque can often be used profitably, side 
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by side with more orthodox methods, and they have conducted many experiments 
on these Imes, some of which appear elsewhere (Cullumbme and Box, 1946 , 
Box and Cullumbme, 1947 ) 

Analysts of experiments m which some groups are incomplete 

Occasionally when using factorial experiments of the type outlmed above, a 
group or groups will partly, or wholly, survive When all or most of the animals 
survive m a group or groups m marked contrast to other groups, usually no 
analysis will be needed to establish the supenonty of the correspondmg treat- 
ments Experiments m which there are a few survivors m one or two groups 
only are not so easily dealt with 

0) Maximum likelihood estimates of the means m the mcomplete groups 
may be obtamed by the method of successive approximation given by Bhss (1936) 
and Stevens (1936) The solution will then be given by regression analysis usmg 
the appropriate weightmg coefficients , however, the labour involved m the 
calculations is scarcely justified 

(u) Provided at least 50 per cent have died in all groups, the medians of the 
transformed values may be used and the ordmary analysis of variance procedure 
adopted A certam amount of mformation is lost when this method is used, but 
with small groups the loss is not large Pearson and Adyanthaya (1928) give the 
followmg values 

Sample size usmg median 2 3 4 5 7 10 

Equivalent sample size using mean 2 3 4 4 5 8 

(ui) The means may be estunated m the mcomplete groups by graphic 
analysis and the experiments analysed as though the ordmary analysis of 
variance technique were appropnate (le, as though the means of the groups 
were all known with equal accuracy) This method is probably sufficiently 
accurate provided that the number of animals failmg to respond is not too great 
(iv) Where the reciprocal transformation is appropnate, the “ rate of dyrag ” 
of an animal which survives is -1=0, so that with this transformation we could 
score these animals as zero and carry out the analysis m the ordmary way In 
our opinion this approximation will be more maccurate than (ui) K the “ within 
groups ” variance is used m the analysis the truncated groups should be omitted 
from Its calculation, smce the values will be too small In general it is better to 
use high order mterachons between group means as the “error” estimate We 
find that (ui) gives a satisfactory approxunation and utilizes all the mformation 
without complicatmg the analysis 


Summary 

1 Experiments are described m which mice were exposed to mustard vapour 
and rats to phosgene gas The properties of the survival tune, its logarithm and 
reciprocal were mvestigated Usmg the reciprocal transformation, the transformed 
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vanate (rate of dymg) was proportional to the dosage, had stable variance, and 
appeared to be more nearly normally distributed than time or log time 

2 The use m appropnate circumstances of relationships of this nature is 
discussed and the advantages of factonal experiments usmg transformed sur- 
vival time are mdicated 

3 Methods are suggested for deahng with the data when m some groups the 
annuals do not aU die 

We should like to express our indebtedness to Prof R A. Fisher for discussing this 
prohlem with one of us and for suggesting the use of the reciprocal transformation 

Our thanks are due to the Director-General of Scientific Research (Defence) for per- 
mission to puhhsh these results, and to our colleagues at Porton for their advice and 
cnhcism 
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THE EFFECT OF EXPOSURE TO SUB-LETHAL 
DOSES OF PHOSGENE ON THE SUBSEQUENT 
L(C050 FOR RATS AND MICE 

BY 

G E P BOX AND H (XTLLUMBINE 

From the Chemical Defence Experimental Station Porton 

(Rccdved Novcmbtr 15 19461 

It has been suggested that when dogs and goats survive doses of phosgene 
gas (COO;) their subsequent susceptibility is apparently lessened The effect 
was explained as being probably due to selection , smce the more susceptible 
animals were killed, the remainder would be more resistant and their average 
susceptibility lower The expenments descnbed m this report were earned out 
in order to obtain further information about the matter 

Experimental 

Preliminary experiments were carried out to ascertain the highest concentration to 
which rats and mice could be exposed for 10 mm without causing death It was found 
that exposure of rats and mice to dosages (Cf)* of 800 and 600 mg.min /cum (i=I0 min) 
respectively did not normally produce any deaths although the animals showed all the 
symptoms of severe phosgene poisonmg These dosages were therefore used throughout 
the work as the preliminary or pregassing " doses 

The exposure to phosgene was earned out in a small chamber (20 litres capacity) m 
a constant flow of 200 ’itres/mm of an air phosgene mixture of the required concentra 
tion The apparatus is shown in Fig 1 The atmosphere in the chamber was sampled at 
10 li res/min throughout the whole of the exposure 


•The dosage to which animals were exposed is measured here by multiplying the mean 
concentration (C) measured in mg /cu m by the time of exposure t (Hence Ct in mg.min 
cu m ) The time of exposure (r) was 10 mm in all expenments unless otherwise stated 



SUB-LETHAL DOSES OF PHOSGENE 


39 



Fig 1 — TThe constant-flow phosgene apparatus 200 hires /mm. of air was blown 
along the mam air Ime A and measured by flowmeter F, Phosgene (measured 
by F<) was mixed with dllutmg air (measured by Fj) The mixture regulated by 
valve L was measured by F, and mixed in chamber D with the mam air stream. 
The diluted air-phosgene mixture could then be made to pass throu^ the 
chamber or run to waste as required A suction pump (P) drew a continuous 
sample at 10 htres/mm through the samplmg bubbler JL 


The effect of phosgene 

96 rats (weight 115-125 g) were taken and divided at random into 4 groups of 24 
each _ 12 rats m each group were exposed to a dosage (Cr) of 800, and the remaming 12 
in each group were kept under identical conditions as controls Five days later each group 
of 24 was exposed for 10 mm to concentrations of phosgene m the lethal range The 
mortalities at the end of 48 hours were 


Dosage (Cl) to which rats were 
exposed (rag.min./cu.m.) 

2300 

2500 

1 

3150 j 

4400 1 

Total 

Mortahty m controls 

8/12 

7/11 

9/12 

11/12 

35/47 

Mortahty m pregassed animals j 

3/12 

2/12 

3/12 j 

' 8/12 1 

i 

16/48 


Regression bnes were fitted between the mortahty expressed m probits and the loganthm 
of the dosage (Cl) by the method desenbed by Gaddura (1933) as elaborated bj Bliss (1935 
1938) and Fisher and Yates (1943) 
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Statistical analysis 



Degrees of 
freedom 

B 

P 

Differences in position of lines 

Differences m slope of lines 

Heterogeneity 

1 

1 

4 

17 6 

0-2 

22 

<00001 

06 

07 

L(O)50 Pressed 3840 ing.mm./cu m 1 
„ Control 1880 „ j 

}‘^UCt)50 ” 2-0 


Where lucm is an index of effectiveness obtained by dividing the L(Cf)S0 
for pregassed by the L(Ct)50 for control annnals 

There is little doubt that when subsequently exposed to the same concen- 
tration there is a lower mortality in the pregassed than m the control annnals 

Phosgene and hexamine 

Larger doses of phosgene for pregassing might produce greater effects, but 
would result m deaths m the pregassmg It was therefore decided 0) to prcgas 
with a dosage (C/) of 6,000, but to prevent death by administering oral hexamine* 
immediately beforehand, and to compare this with normal pregassmg , (li) to 
use mtervals of both 3 and 7 days between pregassmg and lethal gassmg so as 
to compare the effect of altering the penods between gassmg , (m) to carry out 
the experiment with mice m order to test whether they behaved similarly to 
rats , and (iv) to carry out the whole experiment at two different concentrations 
of phosgene 

96 mice were divided at random into 8 groups of 8, and 2 of 16 The treatment applied 
to the groups and the resulting mortalities are shown below The dose of hexamine used 
was about 2 g per kg. (0.2 c c of a 20 per cent (w/v) soluUon orally immediately prior to 
gassmg) 



Pregassed 3 days 
before 2nd 
exposure with Ct 

Pregassed 7 days 
before 2nd 
exposure with Ct 

No 

pregassmg 

2nd gassmg 

Ct m mg.nun /cu.m 


6000 and 
hexamme 

600 

6000 and 
hexamine 

— 

2,450 

6/8 

5/8 

6/8 

8/8 

16/16 

1,500 

4/8 

3/8 

2/8 

5/8 

14/16 


Statistical analysis 

By a sunple extension of the techmque described by Bliss (1935), we can fit 
regression hnes for the 4 treatments and control, and compare these for differ- 

*Hexamiae has a mat chemical affinity for phosgene, and oral administration (2 g 
per kg ) immediately poor to gassing will prevent phosgene poisoning 
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ences m position and slope The variation between slopes is not significant 
(x’=l 70 for 4 degrees of freedom, P=0 8) Comparmg the hnes for position, 
we find 


Comparison of methods of pregassmg 

Degrees of 
fiwdom 


P 

Time (3 days v 7 days) 

1 


0-2 

Dosage (600 v 6000 4- , hexamme) 

1 1 


0-2 

Comparison of pregassmg (m general) with controls 

1 

1141 

<0-001 


L(C050 pregassed (average) 1630 mgjiun./cujn.\T _ i ^ 

L(Cr)50 control 1020 mgjnm./cujii. j^i^ci)50 


In general pregassmg of mice has a hi^y significant effect There is no 
evidence from this experiment that the effect is different after 3 or 7 days 
Increase m dosage (Ct) of the second gassmg from 1,500 to 2,450 mgjiun /cu m 
produces a uniform mcrease of probit m all the groups, and the effect is equally 
marked at both dosages 

Exposure m the prehnunary gassmg to a dosage of 6,(M)0 after oral hexamme 
produces an effect no greater than that of exposure to 600 without hexamme 

Duration of the effect 

In order to obtain further information on the duration of the effect, 70 mice were taken 
and divided at random mto 7 groups of 10 One group was kept as a control and the other 
6 were exposed to a phosgene dosage of 600 mgjmn /cam. at- 1, 2, 3, 5, 7, and 10 days 
before the second gassmg. The whole 70 nuce were then exposed to a dosage (Ct) of 
5,850 mgmm /cum (i e., about 3 times the L(Ct)50) at the same tune. The time of death 
of the mice was noted We have shown elsewhere (Box and Cullumbme, 1947) that the 
reciprocal of survival tune is closely correlated with dosage The survival times were there- 
fore transformed to reciprocals for analysis The median survival tunes arc given below 
together with the analysis of vanance of the transformed vanate The data are graphed m 
Fig. 2, usmg the reciprocal scale 

Second gassmg (Cr =5,850, t=10) on day Z. 


Prelnmnaiy gassmg on day 

Z-1 

1 Z-2 

Z-3 

Z-5 

m 

Z-IO 

Control 

Estimated median survival time 
(hours) 

B 

fl 

91 

10-4 

m 

53 

55 


ANALYSIS OF VARIANCE OF RECIPROCAL SURVIVAL TIMES (100 X HR "*) 


Source of 

j 

Degrees of 

Sum of 

Mean 

Vanance 

variation 

fr^om 

squares 

square 

rauo (F) 

Betu-ecn groups 

6 

1529 

255 


Within groups 

63 

1802 

29 


Total 

69 

3331 
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DAY OF PREGASSING 

' 1 -t- 1 1 1 

Z-l Z-2 Z-3 Z-5 Z-7 Z-IO 

Fig 3 — The median survival tune (plotted as reciprocal) of mice pregassed at different 
times and exposed to phosgene (dosage Cf=5,850, 1=10 mm) 


It IS clear that the vanation between groups is highly significant (P <0001) 
and that the animals m the group pregassed one day before die significantly 
faster, whilst those pregassed 3, 5, and 7 days before die significantly slower 
than the control animals The mdex of effectiveness It (obtamed by dividuig 
survival time m treated group by the survival time m controls) reaches a 
maximum of I 9 five days after pregassmg 


Pregassing more than once 

This experiment was designed to test whether the effect could be mcreased by exposure 
more than once to pregassmg The pregassmg doses were given 12 8 and 4 days before 
the dose m the lethal zone 96 mice were used and divided at random into 8 groups, 
A to H each containing 12 mice 


On day Z— 12 groups C, D, G and H 
„ , Z— 8 „ D, B, FandH 

„ , Z-4 „ E,F, GandH 

, Z „ A, B, C, D, E, F. G. H 


were exposed to a dosage (Cr) of 600 

” ” ” 

600 

„ „ final dosage of 2,850 


MORTAuriES (oirr of 12) after 48 hours 
A 11/12 B 10/12 E 7/12 F 6/12 

C 11/12 D 12/12 G 5/12 H 3/12 


The data may be analysed by transforming the proportions to angles using 
the transformation x=sm ' Vp (where p is the proportion dying) This wiU have 
thp effect of stabilizmg the variance The technique was exactly as described by 
Fisher and Yates (1943) The expected values can in this case be obtained by 
mspection of the data, but m more awkward cases the graphical methods 
suggested by Richards (1941) have proved helpful 
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Analysis of variance of the transformed variate 


Effect 

Degrees of freedom 

1 

Sum of squares | 


1 P 

Z— 12 1st Pregassmg 

1 

0 


1 

Z-8 2nd 

1 

12 



Z-4 3rd 

Interactions 

1 

1588 

234 

<(MX)001 

1 X 2 

1 

101 


1 

1x3 

1 

0 



2x3 

1 

101 



1x2x3 

1 

12 



Total 

7 

1814 

26 5 

<0-001 


OOA 7 

Theoretical variance ■ - « 68 


Pregassing on Z-12 and Z-8 days had no effect upon mortality, although 
pregassmg at Z-4 produced a highly significant decrease m mortality m all 
groups 

Lung damage and the effect 

To test whether damage to the lungs was necessary to produce the effect, the following 
experiment was earned out 48 rats were divided at random into 4 groups of 12, A, B, C, 
and D 

Group A was given a pregassmg dosage on day Z-5, 

B was given a pregassmg dosage on day Z-5 immediately after oral hexamine 

C was kept as a control, 

and D was given oral hexamme only on day Z-5 

A, B, C, and D were all exposed on day Z to a dosage of 3,150 mg.min /cujn After 
the fint exjiosure group B showed no signs of distress (Rats treated in this wa> showed no 
signs of pulmonary oedema at autopsy 12 and 24 hours after gassing thus it appeared that 
oral hexamme was completely effective m preventmg the action of this concentration of 
phosgene ) The 48 hour mortality after the second exposure was 



I No hexamme 

Hexamme 

Pregassed 

A 

3/12 

B 

9/12 

Not pregassed 

1 

c 

1 

9/12 1 

1 

D 

9/12 


Statistical analysis 



Degrees of freedom { x' 

p 

Pregassmg with no 

t 


hexarmne 

1 t 4 17 

r 

<005 
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Thus pregassing with no hexamine significantly reduces mortahty. pregas- 
sing with hexamine so that no pulmonary damage is produced is meffective It 
would appear necessary therefore to cause lung damage m order to produce the 
effect At first sight this experiment appears to contradict our previous expen- 
ment m which mice were gassed with a Ct of 6,000 after hexamine However, 
m that experiment the admmistration of oral hexamine was not able to neutralize 
the whole effect of a very high dosage (6,000) of phosgene 


Duration of lung damage 

In order to mvestigate lung damage produced after different time mtervals 
by the pregassmg dosage and to try to correlate it with the effect produced, 
groups of mice were exposed to the pregassmg dose and autopsied after 1, 2, 3, 
4, 5, 7, 10, and 14 days The trachea was tied off before the thorax was 
punctured and paraffin wax sections prepared , these were exammcd by 
Professor G R Cameron, whose observations are given m Table I 

It would appear that the oedema is present for the first four days and that 
no damage is visible after the 10th day When this result is compared with our 
experiment on the duration of the effect, the return to normahty appears to 
correspond with a cessation of the effect, which is also absent m the first few 
days when oedema is most severe 


TABLE I 

HBTOIXWICAL EXAMINATION OF UJNGS OF WCE AT VARIOUS TIMES AFTER PREGASSING 

All mice were exposed to a dose (Ci) of 600 mgjmn./cu m phosgene 


No of days 
mice killed 
after pregassmg 

No of mice 
m group 

Histological exammation of lungs 

1 day 

5 

All show varying degrees of oedema some with patches of 
leucocytic infiltration. Bronchial and bronchiohUc epitheha 
seem mtact or m process of being lifted up by oedema A few 
leucocytes. 

2 days 

5 

Oedema wms more severe and extensive. Infiltrated with 
leucocytes and monocytes Bronchial and bronchiohUc 
epitheha mtact Collapse. 

3 days 

5 

Varying amounts of oedema m two cases. Severe m others 
Very patchy with areas of collapse showing numerous leuco- 
cytes Bronchial and bronchiohUc epitheha mtact 

4 days j 

5 

Two still with extensive oedema and collapsed infiltrated 
alveoh' Remainder with hardly any oedemBj, Bronchial and 
bronchiohUc epitheha mtact, norrnal 

5 days 

5 

Two ^ow extensive patohy oedema and cmllapse with emphy- 
sema Remainder show slightly patchy oedema rcMlving 
Bronchial and bronchiohUc epitheha mtact and normal m all 
Three normal One shows small patches of collapse and alveo- 
litis. Bronchial and bronchiohUc epitheha normal 

7 days 

4 

10 days 

4 

All normal (one shows much recent haemorrhage. Traumatic; 

14 days 

4 

AllnormaL 
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Differences m respiration between controf and pregassed animals 

When toxic substances are injected into animals the variation m response is 
largely due to the difference in susceptibihty between them , but when animals 
are exposed to a gas the dose which each animal inhales is partly detenruned by 
the respiration of that animal Experiments were made m order to find out 
whether the pregassmg effect could be explamed by differences m respnation m 
the pregassed and control groups dunng the termmal gassmg Ideally it would 
be useful to measure the total air breathed, the oxygen uptake, the COj output, 
and the respiration rate , m view of the practical difBculties mvolved only the 
last two were measured 


Respiration rate 

Two groups of rats were taken at random and one group exposed to the pregassing 
concentration Five days later all the rats were exposed m the chamber two at a time, one 
rat bemg taken from the pregassed and one from the control group They were placed m 
small wire cages close to a glass window tn the gassmg chamber, and their respirations 
counted by two observers, possible bias m the observer bemg elimmated by tossmg a com 
to deade which observer should count a particular rat. 

1 In the first experiment 9 pairs of rats were exposed Respirations were counted for 
15-seeond penods every two mmutes durmg the 10-min exposure Some animals struggled 
and others held their breath, resultmg m great vanation between animals ahd difficulty in 
countmg. 

2. In a second eXpenment the rats were hghtly anaesthetized with 0^ cc per kg 
of nembutal solution (This would itself affect the respiration rate, but it was thought 
that any systematic mvoluntary difference would stiU be apparent.) 13 pairs of rats were 
used and respirations counted for 1 /2-inm penods every mmute dunng the 5-mm exposure 
The results for these two experiments are plotted m Fig 3 It is clear that the animals cut 



3 — The average respiration rates (respiraaon per mm ) of control and pregassed 
rats durmg exposure to phosgene (i) Unanaesthetized C=500 mg /cum , 
1=10 mm (ii) Anaesthetized C=700 mg./cujn , r=5 mm 
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down their respiratory rate in phosgene very markedly at first (even when anaesthetized), 
but breath holding lessens as the exposure proceeds (Compare Boyland et al 1946) 


TABLE If 

RESPIRATION RATES PER MINUTE OF ANAESTHETIZED ANt> UNANAESl HEllZED RATS IN AIR AND 

AIR-PHOSGENE mixtures 


i 

(0 

Not anaesthetized 
a - 5,000 / - 10 

(li) 

Anaesthetized 
a - 3,500 t - 5 

(ui) 

Anaesthetized 

Cl - 5,900 t - 10 

Control 

Pregassed 

Control J 

Pregassed 

Control 

Pregassed 

Average respiration rate in air 

160* 

— 

74 

82 

— 

— 

Average respiration rate m 
COCl, 

66 

86 

32 

1 

46 

41 

49 

Mortality 

9/9 

9/9 

t4/13 

2/13 

10/10 

4/8 

Percentage increase in respira- 
tory rate in pregassed group 

30 1 

44 ■ 

19 

tf - 'Students” ratio for f 
degrees of freedom 

1 

t.. - 2 10 

P -> 0 052 

Combined 

t„ - 3 31 

P - 0 003 

P <0005 

1 

t,. - 1 33 

P - 0-200 


•Rate obtained from Fig. 54 given by Gaddum (1940) 

tin the anaesthetized groups the mortalities were lower than would be expected normally, 
presumably because of the reduction in breathing rate caused by anaesthesia 



10 in 3C 40 SO 60 70 80 90 

MEAN NUMBER OF RESPIRATIONS PER MINUTE 

Fig 4 — A companson of the respiration rates of anaesthetized rats dunng exposure to 
phosgene and their subsequent survival times, in control and pregassed groups 
C=590 mg /cujn , r=I0 mm 
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3 In a third experiment an exposure time of 10 mm was used , otherwise it was 
similar m detail to the second expenment There were onginally 10 rats in each group 
but 2 died in the pregassing group under anaesthesia 

A summary of the results from these three experiments is given m Table II 
The analysis shows that there is little reason for doubt that when exposed to 
phosgene the pregassed rats breathe faster than the controls 

In the third expenment each rat was marked and its survival time recorded , 
the results are given m Table in and are plotted together with the Imes of best 
fit m Fig 4 


TABLE III 


AVERAGE NUMBER OF RESPIRATIONS PER xnNUTE IN PHOSGENE AND SUBSEQUENT SURVIVAL 
TIMES OF CONTROL AND PREOASSED RATS 


Control group ' 

Pregassed group 

Average No of respirations 

Survival 

Average No of respirations 

Survival 

per nun in COCIj* 

time (hours) 

per miru in COCl,* 

time (hours) 

32 

84 

18 

1 Survived 

36 

68 

40 

Survived 

39 

44 

43 

1 11 7 

40 

72 

53 

1 7-0 

45 

53 

54 

Survived 

45 

54 

58 

78 

48 1 

46 

63 

5-0 

49 1 

42 

64 

Survived 

54 

3 8 

1 

1 

66 

39 


1 

Mortality 10/10 | 

Mortality 4/8 


•In order of magnitude to facilitate reference to Fig. 4 


Qearly there is a very strong correlation m the groups between survival time 
and respuration rate (r=0 83, P < 0 001) The regression equation for the control 
group suggests a relationship of the type where T is the survival tnne 

and X the respiration rate Analysis of the transformed vanate (100 x hours'^) 
gives 


Analysts of transformed vanate (100 x hours'^) 


Source 

Degrees of freedom 

Sum of squares 

Mean square 

I ^ 

About lines 

10 

88 4 

88 

nn 

Between lines /s^tipe 

1 

0-4 



“ \ position 

1 

225-0 

2250 

■ 


It IS clear that there is a highly significant difference m position between the 
lines (P<0 001) 
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CO 3 output during gassing 

The method used was similar to that descnbcd by Gaddum and Hetherfngton fI93n 
The apparatus is sketched m Fig 5 ^ ’ 



Fig 5 — Apparatus for measunna CO, output of small animals durmg gassing. The 
flow of air along tubes E artu D was adjusted to 3 litres per mm. by means of 
the valves and the flowmeters M, and M, H was a chamber sufBaently large 
to accommodate the animals or animal, without too much dead space. A two- 
way tap allowed arcuit to be opened to outside air or to a mam gassmg chamber t 
Bubbler A sampled the atmosphere together with expired air from animals, 
bubbler B sampled atmosphere only 


The amount of CO, produced by the rat was calculated by deductmg the C0» con 
tamed in the air — measured by bubbler B — from that produced by the rat plus the amount 
contamed in the am — measured by bubbler A 

In order to estimate the actual concentrations of phosgene to which the animals were 
exposed (and not that m the large chamber), a method was devised whereby COj and 
phosgene could be absorbed and estimated in the same bubbler Our methods of over- 
coming certam problems arising in these measurements are discussed m the Appendix 

It was first of all necessary to know whether the COj output durmg exposure to COCI, 
and the dose of phosgene breathed were related An expenment was therefore earned out 
in which normal rats were exposed to lethal concentrations of phosgene one at a time 
The CO, output and phosgene concentrations were estimated and the survival time of each 
animal recorded The results are given in Table IV 

It might be expected that most simply the dose breathed would be pro- 
portional to the COj output (R) The dose breathed cannot be measured, but 
we have found (Box and ChiUumbine, 1947) that the median mortahty time and 
Ct are related by the type of expression f=X (Ct) where T is the survival time, 
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TABLE IV 

CO, OUTPUT OF RATS IN PHOSGENE AND THEIR SUBSEQUENT SURVIVAL TIMES 


(1) 

(2) 

(3) 

(4) 

! (5) 

(6) 

Mean conccn- 
tiabon Cm 
mg./cujn. 
phosgene 

Cc. of CO, 
produced per 
kg. body wt. 
m phosgene in 
10 mm.* (R) 

Fractional 
CO, output 
of average 

R - 199 

! Survival 
time 
(hours) 

Reciprocal 

surwal 

time 

(hours *) 

(1) X (3) 
“Cr when 
differences 
mRaie 
allowed for 

458 

87 

044 

about 24 

0 042 

202 

436 

108 

0-54 

survived 

— 

235 

427 

127 

064 

14 5 

0-069 

273 

496 

138 

0 69 

19 0 

0-053 

342 

499 

143 

0-72 

about 24 

0-042 

359 

442 

154 

0-77 

11-0 

0091 

340 

475 

155 

0 78 

about 24 

0042 

370 

442 

182 

0-92 

93 

0-107 

407 

541 

189 

0 95 

66 

0-152 

514 

386 

193 

0 97 

survived 

— 

374 

449 

198 

099 

19 5 

0051 

445 

894 

212 

1 07 

12 2 

0082 

957 

446 

217 

1 09 

97 

0 103 

486 

449 

228 

1 15 

53 

0-189 

516 

479 

284 

143 

52 

0-192 

685 

464 

360 

1 81 


0 143 

840 

522 

411 

Mean of R - 
199 

2-06 

44 1 

0-227 

1075 


•Rats m order of CX3, output 


C IS the concentration to which the animal is exposed for time t, and K is 
constant Hence the type of expression which might be expected would be 

^-KCR (0 

where R - c.c, of CO, produced per kg body weight during the pcnod of gassmg 

If this were true, converting to logs we should have 

logy- AilogC+Z', log R (u) 

and 6, and 6, would both be equal to unity 

To test this, the values of-— , C, and R were converted to loganthms. The best fittrag equation 
obtained by the method of least squares was 

log-L 5 13 -f 0-56 log C+1 13 log R 

The values for A, and 6, and their standard errors are 

0-56 ± 0-58 and 1 13 ± 0 26 respectively 

The range of values of C here is very small and consequently the coefficient 
of log C (0.56) is very unreliable and not significantly different from zero or 
from umty But our previous work leads us to expect that this part of equation 
(li) IS well founded and the true value of the coeffiaent 6, will not be far from 
ffie expected value, le, umty The coefficient h,=l 13 is highly significantly 
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different from zero and not significantly different from one Hence there are 
grounds for believing that the relationship is of type (i) 

The experiment leaves no doubt as to the correlation between COj output 
and reciprocal survival time (r=0 79) As the dosage (Cr) was not always con- 
stant, the partial correlation coeflBcient between reciprocal survival time and 
CO 3 output with the effect of C eluninated was worked out . this is still 0 79 
correct to two places of decimals, a value which is highly signrficanL 

It IS clear, therefore, that the COj output durmg exposure to phosgene gives 
a good indication of the amount of gas breathed The experiment shows that 
there is an enormous difference in the amount of gas breathed by different 
animals, presumably owmg to the variations m breath-holdmg and m the degree 
of activity of the animals m the concentrabon In fact, over half the vanation 
(i?-=0 65) is attributable to factors mvolved m differences of respuabon and 
concentrabon of the gas The remaining variabon (l-i?^=0 35), or less than half 
of it, IS attributable to other factors such as differences of suscepbbility In order 
to test the hypothesis that CR represented the dose breathed, columns (1) and 
(3) of Table TV were mulbplied to give a product which might be considered as 


25 1 


o 


I 

oo 

o' 

3 

o 

X 


z 

>- 

Q 


20 ] 


15 i 


10 ] 


O 


m 




o 


o 


o 


o 



o 


I , , — ^ — — — , 1 1 

2.000 4.000 6.000 8.000 10.000 

“Ct" when allowance is made for COj output 
during gassing 

Fic 6 — The points represent the survival times (plotted as reaprocals) 
for corresponding values of Ct for individual animals when 
allowance is made for differences in CO, output dunng the gass- 
ing The line is that obtamed in a previous investigation for 
median survival time at vanous dosages 
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representing better the “ dosage ” to which the lungs of animals were exposed 
In Fig 6 reciprocal sui^nval time is plotted against this product multiplied by t 
(10 mm) and the pomts are compared with the relationship between Ct and 
survival time found before (Box and Cullumbme, 1947) It can be seen that the 
hypothesis is in reasonable agreement with the facts 


CO. output of control and pregassed rats during gassing 

Twenty rats. Which had been submitted to the pregassing concentration 5 days previ- 
ously, and 20 controls were exposed to phosgene in the apparatus in groups of 4 at a time 
The COj production was first determined dunng a 10-mio period while the animals were 
breathing air and later dunng a 10-min penod while they were breathing an air-phosgene 
mixture of mean 0=1450 (r=10 mm) The results were as follows 


Control 

Pregassed 

No of 
rats 

Average 

Average rate of COj 

No of 
rats 

Average 

Average rate of CO. 

weight 

production (c c / 

weight 

production (c.c / 

(&) 

min./kg ) 

(g) 

min./kg.) 



In air 

In COCI, 



In air 

In coa. 

4 


32 4 


4 

207 

226 

160 

4 


24 3 

156 

4 

202 

29 5 

178 

4 


26 8 

162 

4 

210 

31 0 

20-3 

4 

200 

254 

149 I 

4 

190 

18 3 

16 7 

4 

197 

32 4 

189 

4 

190 

30 9 

24 I 


Means 

282 

16 3 


-Means 

26 4 

19 0 


Mortality 1/20 


Mortality 0/20 


The apparent increase in CO output m phosgene (16 3 to 19 0 cc CO,/minykg) is 
not statistically significant , r= 1 64 for 8 degrees of freedom and P is between 02. and 0 I 
The dosage used in the previous expenment was rather low, so the experiment was 
repeated using higher concentrations Eight pregassed and 8 control rats were used in 
the expenment and they were exposed in pairs 


Control 


Pregassed 


No of 
rats 

Average 
wt (g.) 

Cr(mg / 
min./ 
cu m.) 


^9 

Average 
wt (g) 

Cf(mg./ 
min./ 
cujn ) 

cc CO.J 
mm /kg 

2 

185 

1 940 

234 

' 2 

182 

2,270 

32 4 

2 

185 

3,360 

20 4 

1 2 

195 

3,360 

23 1 

2 

210 

2,610 

234 

1 2 

190 

2,390 

20 5 

2 

190 

3,700 

23 3 

1 2 

185 

3,690 

20-3 

Means 

192 

2,900 

22 6 

j Means 

188 

2,780 

24 I 


As before the apparent increase in CO production (22.6 to 24 1 cc CO^/min /kg) 
IS not statistically significant r=0 5 for 6 degrees of freedom and P=0 6 

It must be concluded that there is no sigiuficant difference in COi production of 
pregassed and control rats dunng subsequent exposure to phosgene 
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The respiration expemnents suggest that after pregassmg and during the 
penod when oedema has subsided but visible lung damage persists (i e., from 
about the 4th-7th day), the animals breathe more rapidly but less deeply It 
seems likely that this would result m the effect demonstrated, since damage m 
the second gassmg would probably be more superficial with this type of 
breathmg 

Summary and Concxusions 

1 When rats and mice are exposed to preliminary non-lethal doses of 
phosgene a transitory effect (lastmg from about the 3rd to the 7th day in mice) 
IS produced, resultmg m an apparent mcrease of resistance to phosgene 

2 In order to produce this effect it is necessary to produce lung damage 

3 Repeated exposures do not produce a cumulative effect 

4 The respiration rate is related to the dose breathed 

5 Rats which have been exposed to a pregassmg dose breathe more rapidly 
in phosgene, but take longer to die 

6 The COj output is related to the dose breathed 

7 There is no significant difference between the COj outputs of pregassed 
and control rats dunng exposure to phosgene 5 days later 

It seems likely that the effect can be explamed by the more rapid and 
shallower type of breathmg of the pregassed rats m phosgene caused by lung 
damage m the first exposure 


Appendix 

Problems arising in the measurement of CO3 production of rats and mice 
during exposure to phosgene (or other toxic agents) 

General 

The normal amount of CO, present m laboratory air is about 0 05 per cent or OJ c.c 
per htre. The CO, output of an average size rat is about 4 cx per mm Hence m the 
type of apparatus described the greater the au: flow used the greater will be the proportion 
of CO, absorbed from the air and the less the proportion due to the rat. Hence the air 
flow must not be too high, otherwise atmosphenc CO, will tend to swamp the CO, expired 
by the rat and reduce the accuracy of the method On the other hand, in order that the 
air already in the rat chamber may be washed out rapidly, the dead space must be cut to 
a minimum and flow kept as high as possible Further, the type of bubbler with sintered 
glass diffuser plates cannot be used at flows much above 3 htres/min without frothing 
Beanng these considerations m mmd, the following design was adopted 

1 Not more than 1 htre of chamber space per rat (dead space about 750 cx ) 

2. Flow of 3 htres/mm 

3 Phosgene and CO, were sampled in the same bubbler 
With this arrangement the chamber would be completely washed out m a quarter of 
a mmute and the error would be negligible in lO-mm exposures Further, for every 4 c.c. 
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of CO, produced by the rat only about 1 5 cc would pass through the bubbler from the 
air The estimation of CQ, and phosgene in the same bubbler (1) ensures that the actual 
atmosphere breathed by the rat is sampled, (2) gives double the rate of flow possible with 
two bubblers using the same rate through the chamber, and (3) avoids duphcation of 
solutions, bubblers, flowmeters, and air hnes 

The absorbent was a mixture of 25 cc of iV/1 NaOH and 50 cc of 6 per cent (w/v) 
hexamme. The bubblers were Dreschel bottles with smtered glass diffuser plates 

Method 

The contents of the bubbler were washed out into a beaker and 50 c c of 66 per cent 
(w/v) solution of banum nitrate added to preapitate the carbonate The volume was made 
up to 170 C.C, and a few drops of phenolphthalein added The residual alkali was titrated 
with N/1 nitnc acid The endpoint (red-colourless) is extremely sharp, as the preapitated 
banum carbonate acts as a white background for the colour change The hydrogen ion 
concentration was then adjusted to pH 2 by adding suffiaent /V/1 HNO, to make the total 
volume added 483 cc. 

The solution remaining was colourless and the chlonde was esjmated by titratin’ with 
M/50 mercunc mtrate, using 13 cc of 1 per cent diphenylcarbazone in alcohol as indicator 
(Roberts, 1936) The large amount of excess acid necessary was due to the buffenng action 
of the hexamme 

It was found by using a pH meter that the addition of the amounts of reagents 
described always resulted in the correct pH Blanks were earned out for both titrations 
using all the reagents. It was necessary to make a correction for the CO, produced by the 
breakdown of phosgene , this correction was in practice very small, and is desenbed below 

The efficiency of absorption of phosgene 

As the procedure described above and the concentration of the reactants were not 
quite the same as we normally used for sampUng and analysmg phosgene concentrations, 
tests were earned out as follows a phosgene-air mixture m which the COCl, was about 
1,(X)0 mg /cum (which is higher than any concentration used in the expenment) was sucked 
through two bubblers in series, using the absorbent mixture desenbed , in a set of three 
expenments no chlonde was detected m the second bubbler 

The efficiency of absorption of CO^ 

The first expenments were earned out with ordmary bead bubblers but the efficiency 
of absorpUon of CO, with 15 c.c m each bubbler and rates of flow of 3-5 litres/nun was 
m no case greater than 50 per cent. In order to increase the efficiency larger amounts of 
the reagents and Dreschel bottles- with smtered glass diffuser plates were used With a total 
of 75 C.C of reagents, efficiencies of over 80 per cent with a rate of flow of 3 litres /mm 
''ere obtained 

It was found that owmg to small physical differences the efficiencies of the buoblers 
'■aned Each bubbler had therefore to be standardized and its effiaency measured. 

This can be done (1) if the exact concentration of CO, bubbled through is known 
or (2) by using a long tram of bubblers so that the leak at the end is negligible However, 
the exact determmation of the CO, without the use of bubblers is not an easy task and 
the use of a long tram of bubblers is clumsy and mvolves a large number of titrations also 
Ihe back pressure set up by these bubblers is high, and this causes added comphcations In 
'lew of the above the folloivmg device was used. 

If the efficiency of absorption is independent of the CO, concentration imagme two 
bubblers of unequal efficiency, arranged in senes 
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Let the fractional leak of the first bubbler be Li and that of the second L, Then if 
the concentration of CO, entering the first bubbler is c cL, leaves the first bubbler and 
enters the second and cL.L, leaves the second 


Concentration absorbed by the first bubbler - 
L , J,’ ... .. second „ 

where Ti and r, are the titrations in bubbler 1 and 2. 


c(l — £,) which IS proportional to 
cLj(l—L^ which is proportional to 


Then 

if the order of the bubblers 
Then by simple algebra 


T, _ , (1-L^ 
7-1 

is reversed we have 

r. - r 0-A) 


say ill 
say ill 


T, 


it -d-L^ 

A ■71, ^ - }^ - ^«> and£^ - (I-ii) 

Hence the efficiencies (E, and E,) of the bubblers may be found without knowing the 
actual concentration of gas passing All that is required is the ratio il, of the titrations 
when arranged in a given order and the ratio il, when that order is reversed 


Independence of efficiency and CO, concentration 

The above assumes that the effiaency is independent of the CO, concentration This 
was tested in the following manner 

Dreschel bottles 1 and 2 were set up in senes, each bottle contammg 25 cx of Nil 
NaOH and 50 c c of 6 per cent (w/v) hexamme as before. Air was drawn through the 
chamber contammg the rats and then through the bubblers at a rate of 3 litres/min , four 
experiments were earned out and the concentration of CO, vaned by altering the number 
of rats Each run lasted 10 nun , and m each case a dupheate run was made with the order 
of the bubblers reversed 

The results were 


Expt 

Order 

No of 
rats 

Blank minus 
titration 

Ri 

R, 

Efficiency 

perceilt 

Bubbler 

Bubbler 

Bubbler 

Bubbler 




(I) 

(2) 



(1) 

(2) 

1 

1-2 

1 

4-00 

0 55 

0 137 


86 



2-1 


4 30 

0 80 


0186 


82 

2 

1-2 

2 

7 25 

1-05 

0149 


85 



2-1 


760 

1 40 




82 

3 

1-2 

3 

10 40 

1 70 

0 163 


84 



2-1 


10-50 

195 




82 

4 

1-2 

4 

16 65 

245 

0 147 


85 



2-1 


11 95 

195 




83 


Mean efficiencies (1) 85 and (2) 82 per cent. 


Hence it would appear that the efficiency of absorption of the bubblers is independent 
of the CO concentration over (he range actually used dunng the expenment. 


The calculation of the CO, output of the rats in a concentration of phosgene 

The bubblers were standardized by the method described and their efficiencies recorded 
An example is given to show the calculations mvolved 4 rats m the chamber Air 
flow through each bubbler 3 htres/min Efficiency of bubblers (1) 85 and (2) 82 per cent. 
Bubbler (1) was connected in posibon A (see Fig 5) and absorbed CO, from air and 
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rats, bubbler (2) m position B absorbed CO, from the air only Expected phosgene 
concentration 500 mg /cujn Duration of run 10 min 


Bubbler A (rats and au) 

Bubbler B (air only) 

COO, titration 

CO, titration 

COO, titration 

CO, titration 

C.C, of M/50 

C.C. of hfHNO, 

C.C. of M/50 

c c. of TV HNO, 

Hg(NO,), 

Blank 0-10 

24 80 

Hg(NOJ, 

0 10 

24 80 

Test . 14 50 

12 65 

15 80 

23 50 

Difference 14-40 

1215 

15 70 

1 30 


COa, I ml of M/50 Hg(NOJ, = 0-99 mg.COa, 

average titraUon - ^ - 15 05 Concentration - 1^05 x 0 ^ ^1000 __ nig./cu m 

2 30 

Hence Ct - 4,970 mgjnoL/cujii 


CO, correction 

In the hydrolysis of COCl,, CO, will be formed Correction is made for this here 
but as may be seen the effect of this correction is normally so small that it may be ignored 
If X IS the COCl, titration (cc. of M/50 HgfNO,),) then 


correction of CO, will be simply ^ cc. N aad. 

CO, 1 cCvAf aad =112 c,c. CO, 


Total CO, through bubbler A 
Correction for COQ, 


_ 1215 

— 0 85 
_ 144 

— 50 


“ 14 30 c.cJ^ aad 
- 0 28 ceJV aad 


Difference (CO, from rat and air) 
Total CO, through bubbler B 

Correction for COQ, 


= 14 02 c-cJVaad 

= ^ _ 1 58ccAraad 
0-82 

= 112 - 0 31 C.C A" aad 
— 50 


Difference (CO, from air only) = 1 27 cc-ATaad 

Hence CO, from 4 rats = 14 02- 1 27 - 12 75 C.C.N aad 

and this is equivalent to 143 c c. CO, 

Hence CO, output per rat was 3 57 c.c./min. 


Our thanks are due to the Director-General of Saentific Research (Defence) for per- 
mission to publish these results, and to our colleagues at Porton for their advice and 
oitieism Our speaal thanks are due to Prof C R Cameron for his help and encouragement. 


References 

Bhss, C. I (1935) y4nn appl Biol 22, 134, 307 
Bliss, C L (1938) Quart J Pharm and PharmacoL 11 (2), 19Z 
Box G E. P., and CuUumbme, H (1947) Bnt J Pharmacol 2, 27 
Boyland, E., McDonald, F F , and Rumens, M J (1946) Bril J Pharmacol 1 81 
Fisher, R. A., and Yates, F (1943) Statistical Tables for Biological Agricultural and 
Medical Research 2nd Ed., p 11 London and Edmburgh Oliver and Boyd 
Gaddum, J H, and Hethenngton (1931) Quart J Pharm and Pharmacol 4, 183 
Gaddum, J H (1933). Med Res Council Spec Rept No 183 ^ , 

Gaddum, J H (1940) Pharmacology 1st Ed., p 253 London Oxford Unnersitj Press 
Wchards, F J (1941) Ann Bot Land N.S 5, 249 
Roberts, I (19^6) Ind Eng Chem (Anal Ed'), 8, 365 














Bnt J Pharmacol (1947), 2, 56 


THE CHOLINESTERASE INHIBITING ACTION 
OF FLUOROPHOSPHONATES 

BY 

E D ADRIAN. W FELDBERG. AND B A KILBY 
From the Physiological Laboratory Cambridge 

OTecefrtd Noreinber 18 1946) 

Recently the cholinesterase inhibiting action of fluorophosphonates has been 
used for physiological expemnents and in clinical trials Our knowledge that 
these compounds had such an action dates back to experiments earned out in 
this laboratory durmg the early part of the war, but the results could not be 
pubhshed at that tune The first compound tested was the dimethyl fluoro 
phosphonate, and its cholmesterase inhibiting action was found in 1941 (Adrian, 
Feldberg, Kflby, and Kilby) In 1942 the more toxic diixopropyl fluorophos- 
phonate was prepared by McGombie and Saunders and found to have the same 
action (Barrett, Feldberg, Kilby, and Kilby) Since then various workers have 
examined in detail the cholinesterase inhibiting activity of this and other related 
fluorophosphonic esters 

The pharmacological action of the fluorophosphonates when mjected mto 
animals or inhaled by men or annuals suggested the possibility of such mode of 
action The pharmacological effects of these compounds will be desenbed shortly 
(Kilby and Kilby) The most conspicuous effect m man on exposure to the 
vapours of these substances was a long-lastmg miosis associated with a spasm of 
accommodation The effect started a few mmutes after the exposure and lasted 
for a few days, or even up to a week m the case of the dnropropyl ester In the 
absence of other central effects m man on exposure to these compounds in low 
concentrations, it seemed unlikely that the effects were due to a central action 
They suggested rather a local effect on the eye by absorption through the mucous 
membrane, and this was shown by the fact that if one eye was protected from the 
vapour, the pupil of that eye did not constncL A peripherally produced miosis 
of such long duration at once suggested the possibflity that these compounds 
might act not dnectly on the smooth musdes m the eye, but mdnectly, like 
esenne, by inhibiting the action of cholmesterase 

To test this possibility we first exammed the effect of fluorophosphonates on 
the isolated rabbit’s intestme On such a preparation the action of drugs which, 
like acetylchohne, act directly on the muscle differs characteristically from that 
of those which, like eserme, act by inhibiUon of cholmesterase activity The 
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directly acting drugs produce an immediate contraction which proceeds rapidly 
to a m ax im u m , and after the drug has been washed out the muscle agam quickly 
relaxes The contraction produced by cholmesterase inhibitmg drugs, such as 
csenne, is characterized by its long latency, its slow development, and its very 
gradual disappearance when the drug is washed out The fluorophosphonates 
when tested on the isolated rabbit’s mtestme produced a contraction resembhng 
m Its details that produced by esenne and not that produced by acetylchohne 
The contraction produced by the diis^opropyl ester, for mstance, persisted for 
hours after washmg out the drug We therefore proceeded to test the effects of 
these compounds on the activity of plasma cholmesterase 

Methods 

The cholmesterase mhibitmg acUvity of the fluorophosphonates was compared quanti- 
tatively with that of esenne sulphate, the procedure bcmg as follows To 02 cx of 
heparinized human plasma was added 0^ c.c. of a solution contairung either esenne or the 
fluorophosphonate m varymg concentrations , then the mixture was kept at room tempera- 
ture for 10 mmutes before 1 /<g. acetylchohne mice salme solutidn was added After 
5 romntes standmg at room temperature, the mixture was made up to 10 c-c. with frog 
salme containmg esenne 1 m 100,000, which at once stops the action of any cholmesterase 
not yet inactivated The solution was then assayed for acetylchohne on the frog rectus 
muscle preparation 

Results 

Both the dimethyl and duropropyl ester were found to inhibit the cholm- 
estcrase activity of human plasma, and their action was stronger than that of 
esenne tested m a similar way Of the two esters, the diisopropyl had a more 
powerful cholmesterase mhibitmg action than the dimethyl ester An accurate 
quantitative comparison was made of the action of the durcTpropyl ester with 
that of esenne sulphate It was found that this ester m a concentrabon of 1 m 80 
milhons had a more powerful action than esenne 1 m 15 millions, but a weaker 
action than esenne 1 m 14 millions Therefore, under the conditions of our expen- 
ment, the ester at 1 m 80 milhons had about the same cholmesterase mhibitmg 
action as esenne sulphate at 1 ra 14J milhons, i e , the dusopropyl ester was 
about times as active as esenne sulphate when compared weight for weight, 
which IS about 3 tunes as active when compared m molar solutions 

Discussion 

Our results show that the fluorophosphonates have a cholmesterase mhibitmg 
action which is stronger than that of esenne The pharmacological actions 
of these compounds as far as they resemble those of acetylchohne, therefore, 
can be explamed by the inhibition of cholmesterase and au accumulation of 

acetylchohne 

Dixon et a! (1942, 1944), when later on comparmg the cholmesterase inhibit- 
ing action of the duropropyl ester with that of esenne, found that the difference 
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between the activity of the two was much greater than m our experiments This 
discrepancy may well be due to the difference m the procedure adopted by Dixon 
et al , because the cholmesterase preparations were exposed to the action of the 
drugs for longer penods than m our experiments We know, however, that cserme 
IS slowly destroyed by cholmesterase, so that its action would dnnimsh over 
longer penods Fluorophosphonates apparently cause an irreversible mhibition, 
as shown by Dixon et al 


Summary 

The dimethyl and diisopropyl fluorophosphonates have a strong cholmesterase 
inhibitmg action This action explains the acetylchohne-like effects of these sub- 
stances The dimethyl ester was the first to be mvestigated (1941) Subsequent 
work on other compounds of the senes has confirmed their action. 

We are indebted to the Director-General of Snentific Research (Defence) for permis 
Sion to pubhsh the above, and to Dr H. McCombie, Dr B C Saunders, and their research 
team for supplying the diwopropyl fluorophosphonate used 
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THE POSSIBILITY OF TOXIC EFFECTS FROM 
2 3-DIMERCAPTOPROPANOL IN CONDITIONS OF 
IMPAIRED RENAL OR HEPATIC FUNCTION 

BY 

G R CAMERON. F BURGESS. AND V S TRENWITH 
From the CJtemical Defence Experimental Station, Porton 

Gtccdved November 21 1946> 

If 2 3-diinercaptopropanol (BAL) is to be adopted as a remedy for arsenical 
and other forms of poisoning, it is necessary that haTards associated with its use 
be understood Toxic effects from overdosage with BAL have already been 
defined (Peters. Stocken. and Thompson. 1945 , Waters and Stock. 1945). and 
the minimal lethal dose of numerous samples determmed Appreciation of such 
risks has led to the dose for human use bemg placed well below the fatal level 
But there remains a problem which, so far as we know, has not been considered 
the possibflity of harmful effects m mdmduals who are suffermg from impaired 
function of vital organs Two such mstances at once come to mind damage to 
the kidneys and the hver Both organs are concerned m the elimmation and 
detoxication of drugs and poisons, and though their action on BAL is not clear 
It IS likely they are important therapeutic safeguards We have therefore earned 
out experiments m which the toxicity of BAL for normal animals has been com- 
pared With that for animals suffermg from severe renal and hepatic damage 
Such comphcations are frequent with arsemcal poisonmg and the conditions 
agamst which arsemc is employed therapeutically . m these disturbances BAL 
should be of value 


Methods 

Fully grown male and female rabbits and rats were used The former averaged 2 kg 
hody Weight, the latter 200 g Pregnant females were avoided All were kept on the 
standard laboratory diet throughout the experimental period and were given water Severe 
renal disease m both rabbits and rats was produced by subcutaneous mjection of 5 mg./kg 
uranium acetate m aqueous solution, hepatic damage m rabbits by subcutaneous mjection 
of 1 c.c./kg, redistilled carbon tetrachloride and m rats by mjection of 6 c.c./kg. of this 
compound Prehmmary studies showed that the uranium acetate induced massive destruc- 
tion of renal tubules and evidence of senous renal functional impairment m 48 hours, which 
proied fatal m 5-9 days (one example is given in Table I) Carbon tetrachloride led to 
severe liver destruction withm 24 hours, which resulted m the death of about 20 per cent 



60 G R CAMERON. F BURGESS, AND V S TRENWITH 


of the animals in a week after injection Uranium acetate thus produces senous renal 
disease and hardly any liver damage, carbon tetrachlonde gives extensive liver destruction 
but scarcely any renal change 


TABLE 1 


BODY wnOrtT, BLOOD UREA, AND ORINARy nNDINGS IN A RABBIT WITH 
uranium acetate INTOXICATION NO TREATMENT 




1 

i 

Blood 



Unne 

' 

Tmie mterval 

Body 

Amount 

Total 




weight 

(kg-) 

urea 
(mg. 
per cent) 

excreted 

m24 

hours 

urea 

m24 

hours 

SjDecific 

^vity 

Albumm 

Microscopic 

findmgs 




(cc) 

(6-) 




Normal period 








1st day 

2 75 

285 

125 

23 

1022 

Nil 

Nd 

2nd day 


27 0 

143 

2 02 

1020 

Nil 

Nfl 

3rd day 


235 

246 

3 1 

1018 

Nil 

Nil 

4th day 

2 82 

340 

370 

35 

1016 

Nil 

Nil 

5th day 

2 82 

340 

175 

1 74 

1020 

Nil 

Nil 

6th day 


345 

160 

2 17 

1022 

Nil 

Nil 

Uranium acetate (5 mg fkg ) given on 6th day 





7th day 


37 0 

185 

2 87 

1022 



8th day 

9£b day 

2 80 

2 70 

73-0 

215 

234 

1024 

Present 

Red blood 
cells 

159 0 

38 

037 

1030 

Present 

Red blood 







+ + 

cells 








casts 

10th day 

2 70 


NO 

0 37 

1030 


Red blood 







c^ 

casts 


llth day 

260 

348 0 

Nil 

037 

1030 









cells 








casts 

13th day 

220 

288 0 

5 

0-005 

1030 

Present 

Granular 

14th day 

2 30 

376 0 

4 

014 

1030 

+ + 
Present 

^sts 

Granular 







casts 

15th day 

Dead 








Two, three, and four days after the injection of uranium acetate and one day after 
carbon tetrachlonde, BAL (in the form of BAL 4 g benzylbenzoate 8 c.c, jjcanut oil 
to 50 cc) was injected mtramuscularly mto groups of 10 or 15 such animals, in doses 
Varying from 60 to 120 mg /kg. Equal groups of normal animals were mjected m parallel 
With similar doses of BAL. Since it is a matter of exjwnence that deaths from BAL 
poisoning occur withm a few hours of administration we have accepted a time limit of 
24 hoifrs and attributed all deaths taking place dunng that penod to BAL. In most animals 
death resulted within 4 hours, which is the expenence of other workers Toxic symptoms 
were carefully noted Post-mortem exammabon of fatal cases and microscopic examina- 
tion of the chief organs, especially of hver and kidneys, were earned out on most of the 
animals Material was fixed m 10 per cent formol alcohol, embedded in paraffin and 
sections stained with Ehrheh’s aad haematoxyhn and eosin, Weigert s iron haematoxylin 
and Van Gieson, Heidenham's nrnn method for kidneys Frozen seebons were also prepared 
m some cases and stamed for fats 
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Results 

Tables 11 and III snmmanze the experiments 


/ Toxicity of BAL in animals with severe renal damage 

Table H shows that there is no difference m reaction to BAL between rabbits 
and rats with severe renal damage developmg two days after mjection of uranium 
acetate and normal animals Mortality rates are closely m agreement m both senes 
Toxic symptoms are snnilar and seldom occur m animals other than those dymg 
from BAL mtoxication In other words, the presence of senous renal disturbance 

TABLE II 


TOHCmr OF BAL IN ANIMALS WITH RENA,- INffAIRMENT 2, 3, AND 4 DAYS AFTER 
ADMINISTRATION OF URANIUM ACETATE. DEATHS DURING THE 
24-hour PERIOD FOLLOWING INJECTION OF BAL 


Dose of 
BAL 
(mg./kg ) 

i 

Mo 

dying 

Per 

cent 

mor- 

tality 

No showing 

tOMC 

symptoms 
(percentage 
in brackets) 

Dose of 
BAL 
(mg./kg.) 

M 

No 

dying 

Per 

cent 

mor- 

tality 

No showing 
toxic 

symptoms 
(percentage 
in brackets) 


‘ Renai 

iamage 

” grouf 

) 


i 

N 

ormal g 

roup 


Rabbits 










(0 Tw) dms after subcutaneous injection 






of uranium acetate (5 mg Ikg ) 






100 

15 

14 

93 

15 (100) 

100 

15 

13 

87 

15 (100) 

80 

15 

8 

53 

9(60) 

80 

15 

8 

53 

9(60) 

60 

15 

3 

20 

3(20) 

60 

15 

2 

13 

3(20) 

40 

15 

0 

0 

0(0) 

40 

15 

0 

0 

0(0) 

00 Three 

days after subcutaneous injection 






of uranium acetate (5 ms Iks ) 






too 

10 

10 

100 

10 (100) 






80 

10 

10 

100 

10 (100) 






60 

10 

5 

50 

5(50) 






40 

10 

1 

10 

1 (10) 






0/0 Four 

days after subcutaneous injection 






of uramum acetate (5 me Iks ) 






100 

10 

10 

100 

10 (100) 






80 

10 

9 

90 

10 (100) 






60 

10 

5 

50 

5(50) 






40 

10 

1 

10 

1 (10) 






Rats 










Two days after subcutaneous infection 

1 





of uranium acetate (5 mg fkg ) 






140 

10 

10 

100 

10 (100) 

140 

10 

8 

80 

10 (100) 

120 

10 

8 

80 

10 (lOO) 

120 

10 

5 

50 

5(50) 

100 

10 

4 

40 

4(40) 

100 

10 

2 

20 

2(20) 

80 

10 

0 

0 

0(0) 

80 

10 

0 

0 

0(0) 


does not alter the LD50 or lead to xmexpected signs of BAL mtoxication So far 
as we can judge renal upset is not mcreased by BAL, nor can we find any 
microscopical evidence of more severe renal structural changes m that group 
Smce few annuals survived the experiment, we have not attempted an analysis 
of the influence of BAL on the survival tune of nephrotic subjects 
c 
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Rabbits given BAL three and four days after injection of uranium acetate 
show somewhat decreased tolerance for BAL (Table II) Thus 50 per cent of 
anunals m both groups died after 60 mg /kg BAL as agamst a fatal level of 
80 mg /kg with normal animals The LD50 has thus been decreased a httle by 
the damage to the kidneys At this stage the animals were very ill, their renal 
function bemg grossly impaired as indicated by the very small amount of unne 
excreted, the high blood urea, and the severe destruction of renal structure shown 
microscopically Reference to Table I bnngs out these features On the fourth 
day of uranium poisonmg there is often complete suppression of renal functon 
and the anunals may be moribund It is therefore reassunng that, despite such 
severe renal disturbance, the toxicity of BAL is not greatly mcreased 

TABLE m 


TOXlCmr OF BAL IN ANIMALS WITH HEPATIC IMPAIRMENT PRODUCED BY INIECTlON 
OF CARBON TETRACHLORIDE DEATHS DURINO THE 24-HOUR PERIOD 
FOLLOWING INJECTION OF BAL 


Dose 
of 
BAL 
(mg /kg.) 

No 

of 

ani- 

mak 

No 

dying 

Per 

cent 

mor- 

tality 

No 

showing 

toxic 

symp- 

toms 

Per 

cent 

showing 

toxic 

symp- 

toms 

Dose 

of 

BAL 

(mg./kg.) 

No 

of 

am- 

mals 

IQ 

Per 

cent 

ipor- 

tality 

No 

showing 

toxic 

symp- 

toms 

Per 

cent 

showing 

toxic 

symp- 

toms 

RABBrrs 


“ Oyer damage ” 

1 1 

-Oftp 



Nc 

irmal g) 

^up 



1 1 1 

24 hoiws after carbon 









tetrachloride (1 cc 1 

kg) 







80 

10 

9 

90 

10 

100 

80 

15 

8 

53 

9 

60 

60 

10 

2 

20 

9 

90 

60 

15 

2 

13 

3 

20 

40 

10 

1 

10 

8 

80 

40 

15 

0 

0 

0 

0 

Rats 














24 hours after can 

TOn 









tetrachloride (6 cc fke ) 













140 

5 

4 

80 

5 

100 

120 

10 

6 

60 

10 

too 

120 

15 

4 

27 

4 

27 

100 

10 

6 

60 

10 

100 

100 

15 

0 

0 

3 

20 

80 

10 

1 

10 

8 

80 

80 

15 

0 

0 

0 

0 

60 

10 

0 

0 

6 

60 

60 



15 

0 

0 

0 

0 


2 Toxicity of BAL m animals with severe liver damage 

Table in shows an mcreased mortahty (90 per cent) m the rabbits with hver 
damage durmg the 24 hours after admmistration of 80 mg /kg BAL as com- 
pared with the normal group (53 per cent) This difference is statistically signifi- 
cant A difference is present too m the experiment vnth rats In the “hepatic 
damage ” group, 6 of 10 rats (60 per cent) receivmg 120 mg /kg BAL died during 
the 24-hour period as agamst 4 of 15 rats (27 per cent) m the normal group , 
with 100 mg /kg BAL 6 of 10 of the hepatic damage group died as agamst none 
of 15 normal anunals An even more strikmg feature of the hepatic damage group 
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IS the development of toxic symptoms m the animals recemng low doses of 
BAL, the normal controls with the same dose of BAL showmg no such symp- 
toms No microscopic evidence of an effect on the structural damage m the hver, 
attributable to BAL, was obtamed , but the deaths occurred m so short a tune 
after givmg BAL that this is not surpnsmg It seems from these experiments 
that a somewhat mcreased toxic activity may be expected when BAL is adminis- 
tered to animals suffermg from senous hver damage It may be conjectured that 
the normal hver plays a part m detoxication of BAL 

Conclusions 

By means of expenments on rabbits and rats we have tried to find out whether 
untoward effects may arise from the use of BAL m conditions of unpaired 
function of the kidneys and hver Renal destrucbon was produced with uramum 
acetate (Boycott and Douglas, 1914-15) m doses sufiBcient to damage severely or 
destroy the greater part of the tubular system, the glomeruh apparently escapmg 
Carbon tetrachlonde was used to damage the hver m quantities which destroyed 
at least one half, and more often two thirds, of the hver cells (Cameron and 
Karunaratne, 1936) In both mstances the mjunous actions were confined to the 
organ specified, though there is some evidence that other tissues are also damaged 
m these mtoxications , our dosages apparently succeeded m checkmg such 
additional effects When BAL was mjected mto animals with severe renal disease 
no evidence of more severe toxic effects than m normal a nimals was obtamed 
until the animals were suffermg from complete suppression of renal function 
Even then the effect was not stnkmg With hepatic disturbance, however, there 
was enhanced toxicity of BAL, though here agam lowered resistance was not 
pronounced It was shown by the occurrence of toxic symptoms with low doses 
of BAL (40 mg /kg m rabbits and 60 mg /kg m rats), though seldom of death 
Clearly, our experiments suggest that BAL should not give rise to anxiety when 
used m conditions of renal impairment unless this is very severe, but that caution 
should be exercised if there is reason to suspect hepatic insufiBaency Neverthe- 
less, the latter hazard need not contramdicate the careful use of BAL, smce toler- 
ance IS not unduly dimmished m conditions of severe liver damage We would 
venture the opmion that BAL imght have an unfavourable action on the course 
of hepatic diseases if used light-heartedly without careful attention to the patient’s 
condition We gather from Professor R. A. Peters that he has formed a similar 
impression from his study of the use of BAL m the treatment of infectious 
hepatitis 

SufttMARY 

1 The toxicity of BAL for animals with severe renal or hepatic damage has 
been compared with that m normal animals 

2 Animals with renal damage differed in no way from normal controls m 
their response to large doses of BAL With complete or almost complete failure 
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of renal function there was a lowered tolerance to BAL, but this was uot 
pronounced 

3 Animals with hepatic damage cxpenenced toxic symptoms and some died 
after doses of BAL weU below the fatal level for normal animals 

4 It is suggested that cate should be exercised when BAL is given to patients 
suspected of impaired liver function The presence of severe renal disease does 
not appear to be a contramdication to BAL 

We are indebted to the Director-General of Scientific Research (Defence) for permis 
Sion to publish this paper, and to Prof R A Peters, F RJS,, for much assistance 
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Sulphaguamdme (II) was independently prepared by Marshall, Bratton, 
White, and Litchfield and Robhn, Wilhams, Winnek, and English in 1940, and 
introduced for the treatment of bacillary dysentery on the basis of its poor 
absorption from the gut It is now well established that orally admmistered 
sulphaguamdme attams only low concentrations m the blood of man (MarshalL 
Bratton, Edwards, and Walker, 1941 , Anderson and Cruickshank, 1941 , Behng 
and Abel, 1941 , Fnsk, 1941) and animals (Marshall, Bratton, White, and 
Litchfield, 1940 , Robhn, Williams, Winnek, and English, 1940 , Cameron and 
McOme, 1941 , Zozaya, 1941 , Ambrose and Haag, 1942 , Rose and Spinks, 
1946), and that this is due partly to the absorption of only some 30-50 per cent 
of the admmistered drug and partly to a rather rapid rate of clearance by the 
kidney (Fnsk, 1941 , Zozaya, 1941 , cf Rose and Spinks, 1946 , Fisher, Troast, 
Waterhouse, and Shannon, 1943) Little hght has been thrown on the physical or 
chemical charactenstics responsible for this poor absorption, which might be 
due either to a slow rate of diffusion across the mtestinal membranes or to a 
partial availability of drug withm the guL Sulphaguamdme is relatively highly 
soluble compared with, for example, sulphapyndme and sulphathiazole, so that 
any such partial availability cannot be ascribed to low solubflity over the 
mtestinal pH range 

Whatever may be the cause of this phenomenon, it is not immediately 
apparent how such a strikmg effect could arise from the simple difference m 
chemical structure between the parent sulphanBamide, which is very well 
absorbed, and sulphaguamdme. 


NH 


.-<( V-SO.NH. 


NH 


r-<( ^>-SO,NH-c(^ 


NH, 


NH 


n 
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H 

^N— / V-SO, NH 

H.N ^NH, 

^C— HN 
HN^ 

Ila 


NH, 


1 ^ ^ — SOj — CHj — CHj 


m 


NH, 


» ^ ^ — SOj — 


CH, 


ITIa 


CH. 


■Sulphanilamide (T) is derived from ammonia by leplacement of a hydrogen 
atom of the latter by the sulphamlyl radicle Although ammonia is a base, that 
IS, m aqueous solution it acquires a proton to form the ammonium ion, the 
influence of the sulphonyl group is such that in sulphanilamide this tendency is 
reversed and the sulphonamide group exhibits feeble acidic properties, that is, 
it tends to hberate a proton Guanidme is, however, a much stronger base than 
ammonia, and m combmation with the sulphonyl group provides the sulphonyl 
guamdme group, which is approximately electrochemically neutral , that is, it is 
neither markedly acidic nor basic Krebs and Speakman (1946) have suggested 
as a corollary to their work on solubility and dissoaation constants m the 
sulphanilamide senes that poor absorption from the mtestme is a result of this 
suppression of ionization In our opmion, it is unlikely that this effect, which 
constitutes the mam chemical difference between sulphanilamide and sulpha- 
guanidme, can be the primary cause of their different pharmacological 
behaviour, otherwise compounds such as p-ammophenylethylsulphone (III) and 
sulphanildimethylamide (Ilia) which carry the non-iomzmg sulphonylethane and 
sulphonyldimethylamide groups, respectively, might also be expected to resemble 
sulphaguanidme As is shown below m Tables I and H, both of these compounds 
are relatively well absorbed, the former to the same extent as sulphanilaniide 
We were therefore led to consider the possibility that a physical difference 
between sulphaguanidme and sulphanilamide other than that suggested by Krebs 
and Speakman might account for then observed physiological behaviour 

The work of Hunter (1941) has drawn attention to the capacity of amidme 
and guamdme groups to take part m hydrogen bond formation, and we tentatively 
supposed that sunflar effects mvolving both the sulphonylguamdme group and 
the primary ammo group m the para position of the benzene rmg might account 
for the poor absorption of sulphaguanidme through union with some substrate 
or substrates to be found m the gut contents A further factor might be the 
formation of dmaenc molecules of type (Ila) m which, it is suggested, hydrogen 
bonds agam play a part It is presupposed that m either event, the sulphonyl- 
jguamdme and p-ammo groups operate simultaneously, the former as a hydrogen 


/ 
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acceptor and the latter as a hydrogen donor Any charge displacement resulting 
from the acceptance of a hydrogen atom m one part of the molecule would then 
be balanced by an opposite and approximately equal displacement m another 
Umon with a substrate would necessarfly reduce the amount of drug avail- 
able for absorption, while the mcreased molecular weight resultmg from dimer 
formation would probably lead to slower absorption. In the latter connection, 
sulphanilamide denvatives of molecular weight comparable to that of the hypo- 
thetical dimer, which have been studied m these laboratones, for example some 
sulphanilamidoqumohnes, have attamed only low concentrations m the blood 
' of mice, and it must be emphasized that what is to be explamed is not a complete 
failure of absorption, but partial absorption to a degree not much less, m some 
speaes, than that shown by, say, sulphapyndme 

The first hypothesis, that of umon with a substrate, cannot easily be tested 
by direct experimentation The second should be capable of proof or disproof 
by molecular weight determinations m aqueous solution So far, however, it has 
not been possible to obtam uneqmvocal results by such determinations Indirect 
evidence for an effect mvolving two pomt hydrogen bondmg has beai sought by 
examuung the absorption m mice of a number of sulphaguamdme denvatrves In 
these the molecule has been modified so that the possibflity of association 
through hydrogen bondmg is either left unchanged or is reduced or wholly 
ehmmated The several chemical types were selected on the foUowmg basis 


Type I Compounds carrying substituents m the guanidine residue 

A twofold influence was anticipated m this mstance The mtroduction of one 
or more alkyl groups on the termmal mtrogen atom would enhance the electro- 
negativity of the latter and might therefore be expected to strengthen hydrogen 
bond formation Against that, the stenc effect of the substituents, dependmg 
upon their sizes, should inhibit the necessary close approach to a second molecule, 
and would probably be the more important factor 


Type II Compounds in which double hydrogen-bonding is not possible 

The substitution of nitro for the primary ammo group (XI) or the trans- 
ference of the latter to the meta position (Xn) would effectively modify the 
formation of the double hydrogen-bond systems , m the first compound because 
the nitro group is devoid of the necessary hydrogen atom, and m the second 
because of the markedly different relative positions of the significant groups m 
the drug molecule, rendermg impossible, for example, the achievement of a 
structure such as (Ha) A further compound (Xlll) was also mcluded under this 
headmg, m which it was anticipated that the presence of a methyl m the ortho 



68 


F L ROSE AND A SPINKS 


position to the primary ammo group might mhibit to some extent the participa- 
tion of the latter m hydrogen bond formation The correspondmgly substituted 
sulphanilamide (Xllla) was exammed as a control substance 

In addition to compounds classified under the above two hcadmgs, we 
mcluded m this mvestigation several miscellaneous substances such as the two 
acetyl denvatives of sulphaguanidme (XRO ^^d (XV), and the sulphonyl 
acetamidme (XVI) which closely resembled sulphaguanidme chemically, and 
which could be involved m hydrogen bond formation m the same manner as the 
latter drug 

The substances employed m this mvestigation are listed below For the pre- 
paration of some of them we are indebted to our colleagues. Dr F H Shnger 
and Dr G Swam Details of the chemical work wfll be described m the Journal 
of the Chemical Society 


Type I 

rwcH, 

^>— SO,NH— 

\h 
IV 


NH, 


NH 


N(C.H.), 

V-SO.NH— 

VI 


NHff 




NH— CH, 


vra 


NHv 


N — CH, 


NH, 


SO,NH— C 


N(CH,), 

/ 


\ 


NH 


NH 


NHC,H,OCH, 
.-Z V-SO,NH-</ 


vn 


NH 


NH-CH, 

.-< )>-SO.NH-C^ 

N — OT, ^ 
IX 




-<^ ^-OCH. 


Type 11 


NH, 


NO 


% 

NH 


/ V-SO,NH— 


NH, 


NH 


XI 


XII 
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NH,— / V-SO.NH— 

XIU 


NH, 


NH 


NH 


.-C^ y-SO,NH, 
CH^ 


XIHa 


Miscellaneous 


CH.CONH— 


NH. 


•SO.NH 




NH 


XIV 


NHr 


NHCOCHj 

-/ V-SOjNH— 

\h 


XV 


NHj 


NHv 


SO,CH,— d^ 

^NH 


XVI 


A few compounds of Type I have been dfescribed by Wmnek, Anderson, 
Marson, Faith, and Roblm (1942) who also recorded the maximum blood con- 
centrations attained followmg the oral admimstration to mice of smgle doses of 
0 5 g /kg They concluded from experunents with the ethyl, propyl, and butyl 
homologues of (TV) that the presence of the alkyl groups led to an mcreased 
absorption, the mcrease being particularly marked m the case of the propyl 
denvative 


Experimental 

/ Anal}tical methods 

With two exceptions (XI and XIV) each compound was determined by the micro method 
of Rose and Bevan (1944} The advantages of this method have recently been summarized 
elsewhere (Spinks and Tottey, 1946) Adequate recovenes (±10 per cent) of each compound 
were established by tnal analyses of known amounts added to blood 

p-Nitrobenzenesulphonylguamdine was determined by the following method based on 
that of Eckert (1943) for p-mtrobenzoic acid 0 02-0 04 ml blood was measured and 
pipetted into 0 4 ml water in a test tube (ISxlOO mm) and 0^ mL tnchloroacctic acid 
added After centnfugaUon, the clear supernatant fluid was decanted mto a similar tube 
graduated at 2 ml , the protein residue bemg washed with 0^ ml water one drop of 
Eckerts tartancacid mixture was then added, followed by 1 drop of N/20 htanous sulphate 
and the tube was heated for 10 min at 100’ C. On coolmg, 0J2 ml 0 10 per cent sodium 
nitrate was added and 20 mm later, 0 4 ml of 1 per cent N-;9-sulphatoethyl-m-tolnidme 
(Rose and Bevan, 1944) Thirty ram were allowed for coupling and the volume was then 
made up to the mark with distilled water Immediately before a readmg m the colonmeter 
each tube was centnfuged since some turbidity was usually evident This procedure was 
found to gi\e only 70-80 per cent recovenes of p-mtrobenzenesulphonylguamdme from 
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blood Eckert obtained similar results with p-mtrobenzoic acid Instead of iismg a conver 
Sion factor, unknown samples were read against standards (0, 001, 0 03, 0 05, 0 07, and 
0 10 roL volumes of a 10 rag /lOO ml aqueous solution of p-nitrobenzenesulpt 3ny,guamdine), 
to which blood (004 nil) had been added In spite of the centrifugation immediately 
before colorimetry mdividual blood concentration time curves obtamed for p-mtrobenzene 



Hours after dosing 


Fio 1 — Mean blood concentraUon-timc curves m mice of sulphaguamdme 

(II, • •, 30 animals), metanilylguanidme (XIJ, O 0, 18 animals), 

and p-mtrobenzenesulphonylguamdine (XI, x x, 24 animals) Each 

compound was administered by stomach tube m doses of 5 mg /20 g 


sulphonylguanidme were not very smooth, and it is thought that, owmg to residual turbidity, 
the error of the method may have been as high as 20 per cent However, the mean curve 
(Fig. 1) was adequately smooth The final result, of course, included the p mtrobenzene- 
sulphonylguamdine that had been converted to sulphaguamdme in i !vo The extenf of such 
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conversion was separatelj examined, the blood from mice receiving 5 mg of p-mtrobenzene- 
sulphonylguamdme per 20 g being analysed for sulphaguanidme itself No sample con- 
tained more than 0 5 mg/ 100 ml of the latter p-AcetamidobenzenesuIphonylguamdine 
(XTV) was detennmed by the method of Rose and Bevan (1944) for total amine, modified 
so that the protem precipitation was earned out at about 1 in 50 dilution instead of 1 m 20 
This involved an increase in the final volume of solution to 5 ml , but satisfactory sensi- 
tivity was achieved by reading m 2 cm 6 ml cells in the Moms colorimeter 


II Biological methods 

The standard conditions used by us in the exammation of sulphonamide blood concen- 
trations in mice have already been desenbed (1946) and the original pubhcation should be 
consulted for full details Each compound was administered orally to a group of 3 mice in 
doses of 5 mg./20 g and as a 1 per cent solution (of the hydrochlonde) or dispersion, 
pooled tail blood from the 3 animals bemg analysed at intervals after dosmg. 

This individual experiment was repeated at least 6 times for each drug, and characteristic 
lalues obtamed from the mdividual smooth curves as already described (Rose and Spinks, 
1946), includmg maximum concentration (max ) the time after dosmg at which this was 
attained (t max ), and the time (C 5) taken for the concentration at 5 hours to fall to two- 
thirds of the value then observed The results are given m Table I The mean results are 
summarized m Table U, in which the compounds have been arranged m order of falling 
maximum blood concentration Limits of error of means are for a probabihty level of 
0 05 , that IS, there is one chance in twenty of the error exeedmg the given limit. A value 
differing significantly (P=005) from that for sulphaguanidme is prmted in itahes, one 
differing deasively (P=0 0I) m bold type 

Two compounds only (IV and X) differed significantly from sulphaguanidme m rate of 
disappearance from the blood It may therefore be concluded that the maximum blood 
concentration is a fairly satisfactory mdex of the extent of absorption from the gut 


TABLE I 

BLOOD concentrations of sulphagoanidine derivatives and allied compounds 


Com- 

pound 

No 

No of 

expen 

ments 

j Mean blood concentrations in mg jlOO ml after 

Values from 
individual curves 

20 

nun 

40 

nun 

1 1 
hr 

hr 

hr 

hr 1 

j 

5 

hr 

7 

hr , 

1 

24 

hr 

H 


C5 

(hr) 

III 

B 

B 

103 

10 6 

10 6 

73 

38 

1 7 


0 1 

117 i 

1 

63 

1 1 

Standard deviations 

30 

21 

05 


Limits of error of means 

±27 

il9 ' 

-03 

Hla 

8 

61 


BID 


m 

3 15 



89 

1 

7* ! 

13 

Standard denations 

I 6 

19 

06 

Limits of error of means 

±1-3 

±15 


































72 


F L ROSE AND A SPINKS 


TABLE I — continued 


Com- 

pound 

No 

No of 
ex peri 
ments 

Mean blood concentrations in mg /1 00 ml after — 

Values from 
mdividual curves 

20 

mm 

40 

mm 

1 

hr 

hr 

hr 

1 

hr 

m 

i 

24 

hr 

Max. 
(mg ' 
100 mL) 

tmax 
(nun ) 


IV 

9 

Z 8 

38 

39 

38 

m 

I 8 

1 1 

08 

B 


67 

1 3 

Standard deviations 

16 

8 

04 

Limits of error of means 

± 1 ^ 

±6 

±03 

V 

1 

! ^ i 

! 78 , 

80 , 

B 


m 


|i 4 1 



8 35 

42 

1 4 

Standard deviations 

I 73 

24 

1 1 

Limits of error of means 

±2 3 

±24 

±n 

VI 

1 

6 1 

59 

1 

7 05 j 

B 

D 



m 

|l9 i 

lOj 

79 

1 

98 

26 

Standard deviations 1 

1 

ij 

42 

17 

Lumts of error of means 

±15 

±42 

±2 0 

vn 

i 

s ' 

32 

60 

55 

m 


21 

1 2 * 

0 95 

03 

B 

72 

16 

Standard deviations 

145 


10 

Limits of error of means 

±1^ 


±05 

vin 

B 

B 

1 60 

B 

1 71 

^56 

136 

I 23 

1 2 

oa 

73 

85 

U 

Standard deviations 

ZO 

39 



Limits of error of means 

±I 8 

±36 


IX 

6 

3 35 

53 

'53 

52 

D 



1 

08 

1 

03 

1 

56 

1 

74 

IZ 

Standard deviations 

1 3 

23 

06 

Lmuts of error of means 

±13 

±23 

±0 6 

X 

6 

B 

m 

B 

32 

1 35 




■ 

5 1 

37 


Standard deviations 

1 6 

4.5 


I Lumts of error of means 

±18 

±5 2 
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TABLE I — continued 


Com- i 
pound 
No 

No of 
sxpen- 
ments 

Mean blood concentrations in mg 1100 ml after — 

Values from 
individual curves 

20 

min. 

40 

mm 

1 

hr 

H 

hr 

hr 

hr 

H 

B 

24 

hr 

Max. 
(mg./ 
100 ml) 


C5 

(hr) 

XI 

8 

m 

rai 

m 






B 

■a 

53 

1 7 

Standard deviations 

I 8 

18 

1 6 

Limits of error of means 

±1-5 

±15 

±1.3 

xn 

6 

38 

7 1 

m 

B 





06 

78 

82 

2.0 

Standard deviations 

3.2 

35 

1 2 

Limits of error of means 

±3.2 

±35 

±1.2 

xni 

6 


2.75 

BHB 





3 1 

48 

1 3 

Standard deviations 

08 

18 

04 

Limits of error of means 

±0 8 

±18 

±0 4 

XlUa 

6 

10 5 

13 1 

13J 
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Z9 

01 

13J 

63 

1 4 

Standard deviations 

3 8 

14 

04 

Limits of error of means | 

±3 8 

±14 

±0 4 

XIV 

6 

1 1 

1 

I 3 1 I 4 




DH9 

1 95 

127 

(3.2*) 

Standard deviations 

07 

51 

— 

Limits of error of means 

±0 7 

±59 

— 

XV 

6 

36 

48 

IB 


B 




0 

4 75 

1 

67 

1 3 

Standard deviations 

20 

16 

07 

Limits of error of means 

±2 0 

±16 

±0 7 

XVI 

9 

1 4 

2 1 

23 

20 

I 6 





2.7 

75 

13 

Standard deviations 

i 

34 

0 95 

Limits of error of means 1 

±0 85 

±25 

±0 7 


•Does not differ significantly from 0, no mean is justifiable. 
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TABLE n 

SUMMARY OF MEAN DATA ON THE ABSORFITON OF SULPHAOUANIDINE 
DERIVATIVES AND ALLIED COMPOUNDS 

Figures differing significantly (P - 0-05) from those for sulphaguanidine in itabcs, figures 
differing decisively (P - 0 01) in bold type. 
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table n — cohtimed 




Max. 

tmax. 

C5 

No 

Formula 

(mg./100 ml ) 

(minutes) 

(hmirs) 


NHj 





NH / SsOjNH </ 

^ V 

43 ± 0-8 

50 ± 12 

2 2 ± 0 85 


NHCH, 




IV 

NH ^SOiNH— 

39 ± 1 2 

67 ± 6 

r~3 ± 0-3 


\h 





NH, 





NH, ^SO,NH— (5^ 

crii" 

3 I ± 0-76 

4S i 18 

i 

1-3 ± (M 


NH, 




XVI 

NH,<(^ ^SO,CHf-^ 

27 ±085 

75 ±25 

13± 0-6 


\h 





NH, 




XVI 

CH.CONH / Sso.NH— <5^ 

NH 

195 ±0-7 

127 ± 59 

— 

xnia* 

NH,</ SOjNH, 

13 5 ± 3 8 

63 ± 14 

1-4 ± 04 


ciC 




m* 

NH <( )>SO,C,H, 

11 7 ± 27 

63 ± 19 

1 1 ± 05 

mat 

NH ^SO,N(CH,I; 

89 ± 13 

71 ± IS 

1 2 ± 0 45 


* Neither in nor Xllla differs significantly from sulphamlamide m any respect, 
t The significant differences indicated are from ^phaguamdme. The maximum blood 
concentration is decisively lower than that of sulphamlamide. There is no other significant 
difference from sulphamlamide 

Discussion of Results 

The hypothesis on which this research was based is that sidphaguamdine and 
related compounds exhibiting poor absorption from the gut owe this property 
to those features of their molecular structure which permit union with some 
hypothetical substrate, with the additional possibility of self union to provide a 
dtmenc molecule It is further suppo'^ed that m eiier event the hnkmg forces 
are provided by hydrogen bonds associated with the p-ammo and guamdine 
groups The para configuration of the sulphaguamdme molecule wcn^d be of 
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special significance in dimer formation, and it is assumed that it might also be 
of importance m umons of the type postulated with other molecules These 
structural features should be reflected m the physical properties of the drug 
molecules and be capable of measurement This aspect is receivmg the attention 
of our colleague, Mr J C Gage 

It IS convement to discuss the results obtamed under the type headmgs listed 
above, notmg m each case the extent to which the disturbance of molecular 
detail has produced the expected effect 

Type 1 

Of the aUcyl derivatives of sulphaguamdme only the monomethyl homologue 
gives a maximum blood concentration lower than that of the parent compound, 
and the difference is not significant The rema inin g alkyl denvatives all achieve 
higher maxima m particular the dimethyl and diethyl homologues The contrast 
between the former and the monometbyl derivative is marked, and, in so far as 
hydrogen bond formation is concerned, would mdicate that the stenc rather than 
the mductive effect of the alkyl groups is the govermng factor, the greater 
hindrance to the necessary close approach to a substrate or a second molecule 
bemg provided, as would be anticipated, by the presence of two alkyl groups 
The two nng alkylene compounds (VIII) and (DC) provide a further contrast, 
the former being absorbed the more completely, although somewhat more slowly 
Compound (IX), incidentally, is the tetrahydropynmidine correspondmg to 
sulphadiazme, a drug which under snnilar conditions achieves an average maxi 
mum blood concentration of 175 mg/100 ml (Rose and Spmks, 1946) A 
theoretical explanation bf the difference between (VIII) and (IX) can at this stage 
be no more than speculation It is unlikely that the small mcrease m molecular 
weight correspondmg to the additional methylene group m (DC) is the responsible 
factor The mam chemical feature of the latter substance would be a tendency 
for the double bond of the guamdme residue to be stabilized m the heterocyclic 
nng as formulated, while in (VIII) the disposition of the double bond giving the 
mmunum stram in the nng system might be expected to be that provided m 

NH— CH, 

--SO,N=d^ 

\h-ch, 

These differences would almost certamly influence the relative hydrogen-bondmg 
propensities of the nng nitrogen atoms, and be reflected m different degrees of 
absorption 

Type II 

The meta isomer of sulphaguamdme (XID attams a maximum blood con- 
centration which is approximately double that of the parent compound Some 
shght change m physical properties (base dissociation constant, solubility, etc) 
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would be expected m passing from the one isomer to the other, but it is unlikely 
that these differences would be solely responsible for the marked mcrease m 
absorption of the meta compound At the same time the maximum concentra- 
tion attamed is below the known value for sulphamlamide (13^ mg /lOO mL) 
It would appear, therefore, that the sulphonylguanidme groupmg is per se less 
favourable to absorption from the gut than the sulphonamide gronp and that 
this mhibitmg effect is markedly mcreased m association with a para ammo 
group The close identity of the absorption data of (XII) and the mtro compound 
(XI) (see Fig 1) adds further support to these views In the latter substance a 
para substituent is present, but it is of a chemical type unable to provide hydrogen 
atoms for bond formation 

The presence of a methyl group ortho to the ammo group of sulphaguanidine 
(Xin) suppresses rather than enhances absorption Reference to formula (Ha) 
shows that for the methyl group to inhibit hydrogen bondmg to any marked 
extent, the molecules must be oriented with the alkyl groups adjacent to, and 
on the same side as, each of the two hydrogen bonds No inhibition would be 
expected with the methyl groups m the alternative ortho positions The actual 
experimental results are mconclusive, therefore, as regards substantiation of the 
hypothesis It should be noted that compound (XlHa), which was mcluded as a 
control substance m this aspect of the mveshgation, does not differ significantly 
m Its absorption characteristics from sulphamlamide (Rose and Spinks, 1946) 

Among the miscellaneous substances mcluded m this research, the results 
obtamed with the sulphonylacetamidme (XVI) are of some significance This 
compound differs structurally from sulphaguamdme only m that the unido group 
of the latter is replaced by a methylene linkage The termmal amidme residue 
-C(=NH)-NH 3 is common to both Smce both compounds are poorly 
absorbed, it would appear that the amidme moiety is the controllmg feature 
This is m accord with expectations On the other hand the experimental fimdmgs 
with the acetyl denvative of sulphaguamdme (XV) were not antiapated The 
combined influence of the sulphonyl and acetyl groups on the guamdme residue 
IS such that this substance regams the weak acidic properties characteristic of 
the sunple sulphonamide group The guamdme group m (XV) would, therefore, 
be expected to function less readily as a hydrogen acceptor and the compound 
should then resemble sulphamlamide rather than sulphaguamdme Agamst this, 
it has been observed that the acetyl group of (XV) is removed with unusual 
ease, for example, on standing for a short penod of time m cold dilute sodium 
hydroxide solubon, to regenerate sulphaguamdme, and it may be that such de- 
acetylaUon occurs m the gastro-mtestmal tract resultmg m an observed absorption 
charactenstic of the latter drug 

In conclusion it is apparent that the results of the experiments m vivo 
recorded above can at best provide only mdirect substanbation of the hypothesis 
proposed Further, with compounds such as the alkylguamdme denvabves, tv,'o 
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effects were expected to result from the introduction of the alkyl groups, the one 
tending to decrease, the other to mcrease the stability of hydrogen bond forma- 
tion, but in the absence of the necessary physical data relating to these sub 
stances it was not possible to forecast with certainty which feature would pre- 
dommate However, the marked contrast between the absorption of sulpha- 
guanidine and, for example, its diethylhomologue (VI), m which the molecular 
weight IS increased by nearly sixty umts, would be contrary to expectations were 
It not postulated that the action of the alkyl groups is one of stenc hmdrance to 
the approach to the guanidme residue of some other chemical structure which 
by Its presence would inhibit passage of the drug through the gut wall The 
increased absorption noted by Winnek et al (1942), m particular of the mono- 
propyl denvative of snlphaguamdme, can also be accounted for on the same basis 
The conclusions to be drawn from the data for the p-nitro (XI) and m-ammo 
(Xn) compounds are more precise Clearly the capacity of these compounds to 
be involved m association with a second structure m which the potential hydrogen 
bonding is oriented to accommodate the p-ammobenzenesulphonyl guamdme 
molecule will be markedly mfluenced in these two mstances m favour of more 
ready absorption from the gut 


Summary 

The blood concentrations, followmg oral admmistration to mice, of a number 
of derivatives of sulphaguanidine have been determined, ond the results analysed 
in the light of the hypothesis that the poor absorption from the gut of the parent 
compound is associated with structural features which may permit this substance 
to exhibit hydrogen bond phenomena While much of the experimental evidence 
circumstantially supports this view, some of the results are inconclusive 
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THE EFFECTS OF PYRIMTOIISfE SULPHONAMIDE 
DERIVATIVES UPON THE BLOOD-CLOTTTNG 
SYSTEM AND TESTES OF CHICKS AND 
THE BREEDING CAPACITY OF 
ADULT FOWLS 

BY 

F D ASPLIN AND E BOYLAND 

From the Veterinary Laboratory, Ministry of Agriculture and Fisheries, Weybridge, 
and the Chester Beatty Research Institute The Royal Cancer Hospital 
(Free) London, S WJ 

(Recdred Nove m ber 19 1946) 

C&ecal coccidiosis m chickens can be effectively treated with certain sulphon- 
amides, particularly sulphamezathme (sulphadimethylpymnidme) (Horton-Smith 
and Taylor, 1943) and sulphapyrazine (Horton-Smith and Boyland, 1946) Sulpha- 
mezathme was extensively used m the treatment of outbreaks of caecal coccidiosis 
on poultry farms dunng the 1945 and 1946 seasons On some of these farms a 
few chicks did not thnve dunng treatment and a small proportion died The 
only apparent abnormahty found on post-mortem exammation of such chicks was 
the presence of haemorrhages of the mtestmes and occasionally of the hver and 
skeletal muscles The appearance of such chicks resembled that described m 
vitamm K deficiency and the haemorrhagic form of sweet clover disease In order 
to mvestigate this syndrome, sulphamezathme was dosed to chicks experimentally 
and was found to produce hypoprothrombmaemia m most chicks Internal 
haemorrhages, similar to those found m the field, were observed m a small 
proportion of cases 

In the course of these experiments cockerels dosed with sulphamezathme for 
penods longer than 10 days showed premature development of combs and 
wattles . such cockerels had enlarged testes with hypertrophy of the seminiferous 
tubules A bnef account of these effects has been pubhshed (Asphn, Boyland, and 
Horton-Smith, 1946) 

Experimental 

Except where otherwise stated Rhode Island Red (R.I R ) chicks of mixed sexes or 
Light Sussex X Rhode Island Red cockerels were kept on dry standard mash or placed on 
experimental diets when one week old The sulphonamides were admmistered as solutions 
of the sodium salts m the dnnkmg water In some experiments chicks were weighed at 
weekly intervals to determme the effect of treatment on body growth Blood from recently 
killed chicks was taken by heart puncture and placed m tubes containmg sodium oxalate 
The plasma was separated by centrifugation and the prothrombm time determmed b> a 
modificaUon of the method of Witts and Hobson (1940) , the only change m the method 
was the omission of lecithm The prothrombm times were determmed on undiluted plasma 
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and on plasma diluted four times with saline, in the presence of Russell viper venom 
(0 004 per cent (w/v) ) and CaClj (0 1 M ) 

A lengthening of clotting tone was observed regularly m chickens dosed with 
0 2 per cent (w/v) sulphamezathine , in some cockerels, similarly dosed, there 
was also enlargement of the combs and wattles as shown m Fig 1 Cockerels 
with enlarged combs mvanably had enlarged testes, which was clearly shown 
when the individual gonad weights were expressed m mg per 100 g body weight 

TABLE I' 

THE effect of ADDITION OF VARIOUS SULPHONAMIDES TO THE DRINKINO WATER OF GROUPS 
EACH OF 7 YOUNG CHICKS FOR 28 DAYS 


AH values are means for the groups 


Drug 

0 2 per cent (w/v) 

Sex 

Body weights 
at end of 
dosing 

E. 

Haemoglobin 
g per 100 ml 

Prothrombm 
time (sec.) 

Gonad weight (mg.) 

undil 

dll X 4 

actual 

mg. per 
100g.b wt 

Sulphadiazine 

M 

255 

89 

26 4 

473 

297 

116 


F 

282 




136 5 

48 0 

Sulphathi azole 

M 

321 

10 2 

26 2 

47 2 

48 3 

15 0 


F 

284 




133 7 

471 

Sulphamerazine 

M 

290 2 

95 

27 3 

49 6 

546 

188 


F 

228 8 




122 3 

53 4 

Sutphameza thine 

M 

224 5 

89 

36 2 

814 

63 1 

281 


F 

2655 




149 5 

563 

Sulphapyrazine 

M 

293 4 

93 

229 

43 0 

30 9 

10-5 


F 

! 3158 




146-8 

43 3 

Water control 

M 

275 4 

98 

232 

41 8 

39 4 

14 3 


F 

289 2 




137 2 

47 5 


Results of a typical expenment m which groups, each of seven T-day-old R.I R 
chicks, were dosed with different sulphonamides are shown m Table I Sulpha- 
mezathme treatment appears to reduce body growth more than any of the other 
drugs and has a much greater effect on prothrombm clotting time and testes 
weight than any of the other compounds tested None of the compounds used 


TABLE n 

EFFECT OF ADMINISTRATION OF SUIPHAMEZATHINE AND p-AMlNOBENZOIC ACID IN DRINKINO WATER 
FOR 28 DAYS ON TESTES WnOHT AND PLASMA PROTHROMBIN OF COCKERELS 




Prothrombm tune 

Testes weight (mg.) (means) 

Treatment 

chicks 

sec. (means) undil 
plasma 

actual 

j mg. per 100 g 

1 body wt 

Sulphamezathine 0-2% 
Sulphamezathme 0 2% -f 
p-ammobenzoic acid 0-02% 

■Mi 

43 3 

51 6 

24 2 

H 

393 

77 4 

344 

1 13 7 

' 13 0 

^aimnobenzoic acid 0-02% 
Water control 

B 

26 3 

261 

43 8 

34 7 
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m a concentration of 0^ per cent (w/v) had any marked effect upon the blood 
haemoglobm concentration or female gonad weight 

The therapeutic effect of sulphamezathme or sulphapyrazme on cocadioSis 
IS neutralized by p-aminobenzoic acid The results shown m Table n demonstrate 
that neither the effect of sulphamezathme on the development of the testes nor 
on the prothrombm is neutralized by addition of p-ammobenzoic acid The 
figures for body growth (Table III) show that sulphamezathme reduced the rate 
of body growth and that normal growth was not restored by addition of p-ammo- 
benzoic acid These results mdicate that the effects of sulphamezathme on blood 
prothrombm and on body growth are not due to a reduction m vitamm synthesis 
owmg to partial sterilization of the gut, although if p-ammobenzoic acid is more 


TABLE in 

AVERAGE WHGHT IN GRAMS OF CHICKS AT 7-DAY INTERVALS 


Treatment 

No of 
chicks 

7 days 

(i c., initial wL) 

14 days 

21 days 

28 days 

35 days 

Sulphamezathme 
Sulphamezathme -f 

11 

55 0 

74 2 

113 6 

164-0 

2041 

p-ammobenzoic aad 

12 

56 2 

80-8 

1183 

162 5 

211 9 

P-ammobenzoic aad 

12 

546 

977 

144 8 

226 9 

277 6 

Water control 

12 

549 

97 3 

149 0 

2297 

2758 


completely absorbed than sulphamezathme the latter might still inhibit vitamm 
synthesis by mtestinal flora , it was. however, found that the admimstration of 
sodium succmyl sulphathiazole (0 2 per cent (w/v) of dnnkmg water) had no 
effect on body growth, prothrombm time, or testes size of chicks 

TABLE IV 

the effect of vitamin k on the blood prothrombin levels of chicks treated with sulpha- 

MEZATHINE 


(a) Groups of 1-day-old chicks under experiment for 17 days 


Food 

Supplements 

No of 
chicks 

Prothrombm 
tune (sec.) 



undil 

dfl x4 

Standard mash 
Standard macli 

None 

Sulphamezathme (0-2%) m dnnk- 

8 

233 

39 4 

Vitamm K defiaent 
Vitamm K defiaent 

mg water 

8 

32 9 

55 5 

None 

Sulphamezathme (0-2%) in drink- 

6 

53 5 

822 

V itamm K defiaent 

mg water 

Sulphamezathme (0-2%) m dnnk- 
mg water, menaphthone (10 mg. 

6 

461 

71 8 

Vitamm K deficient 

per kg ) m food 

6 

19 25 

33 2 

Menaphthone (10 mg. per kg.) m 
food 

5 

182 

342 
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TABLE rV — continued 

(6) Groups ofZ-day-old chicks under experiment for 15 days 


Supplement | 

No of 1 
chicks 

Fmal 
body wt 

Prothrombm 

1 tune j 

Testes weight 
(mg.) 


(grams) 

undil 

diLx4 

actual 

iiiM 

Sulphamezathme, 0 2% sol 
Sulphamezathme, 02% sol - 1 - 

6 ' 

1 

125 5 

36 8 

547 

284 

21 9 

menaphthone, 10 mg./kg food 


126 7 

290 

41 1 

39 6 


Menaphthone, 10 rag.yJcg. food 


135 3 

254 

371 

15 4 ; 


None 

■1 

140 7 

1 

27 9 

1 

38 7 

169 

1 



(e) Groups of 9-week-old cockerels under experiment for 26 days 


Supplement 

No of j 
chicks 1 

Increase m wt 
during expt (g.) 

1 

1 Prothrombm tunc (sec.) 

imdif 

diLx4 

Sulphamezathme, 0 2% sol 
Sulphamezathme, 0 2% sol -f 

mu 

353 6 

71 1 

124 6 





s>Tikavit 0 0025% 


262 6 

30 7 

512 

Sulphamezathme 0 3% 





sjmkavit 0 0025% I 


257 9 

301 j 

56 6 

None 1 

1 

■■ 

388 7 

33 1 

1 

608 


The effect of sulphamezathine on blood prothrombin is simflar to but not so 
great as that produced by vitamin K deficiency, and it was completely neutralized 
by the addition of menaphthone (vitamm K) to the diet (Table IVa) , the efiect of 
sulphamezathine on testes development, however, was not influenced by vitamm 
K (Table FVb) The effect of combmmg soluble vitamm K (calcium-2-methyl-l 4- 
dihydroxynaphthaluiediphosphonc ether, “ synkavit ” Roche) and sulphameza- 
thme m a smgle solution gave snnilar results (Table TVc) However, m a further 
experiment (Table VI, expt E) three of a group of seven older chickens which 
received sulphamezathme (0 25 g per kg body weight daily), combmed with 
vitamm K (menaphthone, 25 mg per kg body weight), showed mtestmal haemor- 
rhages on post-mortem examination , this mdicates that haemorrhagic lesions m 
older birds may not be entirely due to deficiency of prothrombm 

Sulphamezathme has a rapid effect upon the blood clottmg mechamsm similar 
to that of dicoumarm (3 3'-methylenebis-4-hydroxycouinann), the causative 
agent of sweet clover disease m cattle SulphamezatWie appears to be quanti- 
tatively less effective than dicoumarm (Table V) because a smgle dose of 2 g per 
kg body weight sulphamezathme had less effect on prothrombm time than 
150 mg per kg dicoumarm The effect of sulphamezathme on prothrombm level 
disappears between four and ten days after the withdrawal of sulphamezathme 
Although the effect of sulphamezathme on blood clottmg develops rapidly, 
the addition of varymg amounts of sodium sulphamezathme to plasma in vitro 
was found to have no effect on the prothrombm tone Sulphamezathme had no 
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TABLE V 

THE EFTECT OF LARGE DOSES OF SULPHAMEZATHINE AND DICOUMARIN ON PLASMA PROTHROMBIN OF 

23-day-old chicks 
Prothrombin tunes (sec.) 


Sulphamezathme, 3 
doses of 1 g./kg body 
wL 42, 26 and 18 hr 
before sampling 

Sulphamezathme , 
single dose of 2 gj 
kg. body wL 18 hr 
before samplmg 

Dicoumann, 150mg 
per kg body wt 18 
hr before samplmg 

Normal control 

undil 

dll X 4 

undil 

dll X 4 

undil 

dll X 4 

undil 

dll X 4 

242 

61-0 

39 4 

68 8 

480 

1138 

19 2 

446 

27 2 

69 4 

442 

1104 

33 8 

78 4 

24 4 

49 6 

26 4 

58 2 

468 

87 6 1 

544 

1122 

250 

36 4 

28 6 

58 4 

290 

61 4 I 

43 0 

1182 

30 4 

58 8 



30-8 

69 0 



252 

42 0 

Mean 26 6 

61 75 

38 0 

79 4 

448 

105 7 

24 8 

463 


direct anticoagulant action similar to that of hepann or of dyes such as chlorazol 
fast pmk , the effect on blood clottmg m vivo may therefore be independent of 
the actual concentration of the drug at the tune when the blood is taken 

Haemorrhagic lesions in chicks 

A proportion of chicks dosed with sulphamezathme have developed multiple 
haemorrhages, whfle no such haemorrhages have been seen m a large number of 
control chicks, or m chicks treated with other sulphonamides It is therefore 
clear that this syndrome is mduced by sulphamezathme, and the experiments 
described suggest that the action is similar to that of sweet clover m producmg 
haemorrhagic disease m cattle In vanous experiments a total of mnety-one 7-day- 
old chicks were given a 0 2 per cent (w/v) solution of sulphamezathme for penods 
of 21-35 days , mtestmal haemorrhages were present m 6 cases only and there 
were no deaths attributable to haemorrhage In aD chicks of this group lesions 
were confined to the mtestmes , they vaned from very numerous petechiae 
extendmg throughout the greater part of the length of the mtestme to relatively 
few larger haemorrhages of 3-5 mm diameter The haemorrhages were readily 
visible through the serosa The lesions occurred m all layers of the bowel wall, 
but were most frequent m the submucosa 

Quckens treated for caecal coccidiosis on farms are usually between 6 and 12 
weeks old All field cases of sulphamezathme poisonmg, characterized by haemor- 
rhagic lesions, which have been brought to our attention have occurred m chickens 
of this age 

The mcidence of haemorrhagic lesions shown m Table VI mdicates that 
chickens of 6 weeks old are more susceptible to the haemorrhagic effect of sulpha- 
mezathme than are younger chicks for mstance, m experiment E, 7 out of 13 
chickens killed after 3 weeks’ treatment with 0J25 g sulphamezathme per kg. 
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TABLE VI 

THE EFFECT OF ADDmON OF SUUPHAMEZATHINE TO DRINKINO WATER OF 6-12-WEEK-OLD CHICKENS 


Exper 

No of 
chickens 

Age 

Dose 

Period of 
treatment 

Effect 

A 

8 

7 days 

0 2% sol 

100 days 

Two died from haemorrhage 
on 44th and 50th days Six 
survived and remained 
healthy 

B 

9 

9 weeks 

0 2% so! 

i 

97 days 

None died- Precocious de- 
velopment of comb and 
watdes and male plumage 

C 

1 n 

i 

1 6 weeks 

0 2% sol 

1 62 days 

Four died from haemorrhage 
on ISth, 36th and 39th 
days, two killed on 63rd 
day showed small m 
testinal haemorrhages 
Five normal 

D 

15 

1 

6 weeks 

0 2% sol 

1 

70 days 

Three died, 26th, 44th and 
56th di^s, with haemor- 
rhages four killed showed 
haemorrhages Eight nor- 
mal 

E 

7 

6 weeks 

0 25 g per kg 
body wt daily 

20 days 

None died Four showed 
haemorrhages when lolled 
on 21st day 


6 

6 weeks 

0-25 g per kg 
body wt daily -| 
menaphthone 
25 mg per kg 
body wt dafly 

20 days 

None died. Three showed 
internal haemorrhages 
when killed on 21st day 

F 

7 

10 weeks 

0 2% sol 

15 days 

No deaths or gross lesions 


6 

10 weeks 

0 2% sol -k syn- 
kavit50nig perl 

15 days 

No deaths or gross lesions 


body weight daily were found to possess intestinal haemorrhages Furthermore, 
9 out of the 43 chickens receivmg 0 2 per cent (w/v) sulphamerathine for 62-100 
days (experiments A, B, C, and D) died as the result of internal haemorrhage 
Most of the chickens remamed m apparently good health after prolonged adnunis 
tration of sulphamezathme, but post-mortem exammation of them frequently 
revealed mtestmal haemorrhages similar to those of younger chicks The lesions 
m chickens dymg as a result of haemorrhage were widespread and severe 
Haemorrhages were mvanably present m the mtestmal tract , the hver also was 
frequently bespattered with haemorrhagic foci Massive haemorrhages were seen 
m the skeletal muscles, particularly m the muscle groups of the thighs and breasts 
The ventral border of the gizzard was the site of haemorrhage m two fowls 
Persistent bleedmg from feather folhcles resulted m the deaths of two chicks 
It appeared that haemorrhages might occur at any site, but were most frequent 
at those pomts particularly exposed to trauma 
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Testicular hyperplasia 

Precoaous sexual development of cockerels was often evident after 10-14 
days’ dosmg with sulphamezathme With continued dosmg, growth of combs and 
wattles proceeded rapidly, so that after 4 weeks a stage of development normally 
seen m cockerels of 2-3 months old was reached 

The development of secondary sexual characters was evident m only a pro- 
portion of the dosed cockerels Macroscopic enlargement of testes was mvanably 
present m chicks showmg obvious comb and wattle development Of the 71 chicks 
receivmg sulphamezathme for 21-28 days, 43 had enlarged testes, 21 were 
approximately normal m size, and 7 were abnormally small The testes weights 
of some sulphamezathme-treated chicks after 4 weeks were as much as five times 
greater than those of untreated control chicks Sulphamezathme regularly inhibited 
the body growth of chicks (Tables I and ni) and m general it was the chicks 
which had the best growth rates which developed testicular hyperplasia A pro- 
portion of treated chicks grew very poorly, and m these the testes were very small 
and mactive 

Sulphamezathme-treated chicks which responded with testicular hyperplasia 
had haemoglobm and prothrombm levels not significantly different from those 
of chicks faflmg to respond m this way (Table VII) 

Quantitative data on the enlargement of the testes of cockerels has been given 
Table I shows that there was no comparable enlargement of the female gonad 
after dosmg for 4 weeks with any of the sulphonamides tested, and microscopic 
examination revealed no abnormalities Sulphamezathme has more effect on the 
testes than either sulphamerazme (sulphamethylpynmidme) or sulphadiazme 
(sulphapynmidme) Although the average testes weights of chicks dosed with 
sulphadiazme (Table I) do not mdicate enlargement, microscopic exammation 
revealed that the testes of some treated chicks were actively stimulatetL Sulpha- 
thiazole, succmyl sulphathiazole, and sulphapyrazme had no such action 

The effect was not neutralized by simultaneous dosmg of an amount of 
p-ammobenzoic acid which completely neutralized the therapeutic action of the 
drug m caecal coccidiosis (Horton-Smith and Boyland, 1946 , cf Table II) , nor 
was it neutralized by menaphthone (Table IVb) 

Microscopical exammation of sections of the cockerel testes showed that the 
mam action of the drug was on the seminiferous tubules which were hyperplastic 
(Figs 2 and 3) The mterstitial tissue remamed scanty and appeared to be com- 
pressed by the proliferatmg tubules, but active mterstitial tissue was present and 
this was the probable source of the male hormone The enlarged seminiferous 
tubules were Imed with spermatocytes m active mitotic division In the lumen of 
the tubules there were degenerative forms so that the centre of the tubules some- 
times contamed a “ necrotic area ” Sometimes (as m Fig 4) the hyperplasia 
occurred m a few tubules, whilst the other tubules remamed almost normal and 
mimature 
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Ti<BLE Vn 

A COMPARISON OF THE BODY WHGHTS, PROTHROMBIN TIMES AND HAEMOGLOBIN LEVELS OF 
COCKEREL CHICKS WHICH RESPONDED TO SULPHAME2ATHINE DOSING BY PRECOCIOUS SEXUAL 
DEVELOPMENT, AND THOSE FAIUNG TO DO SO 


Group of cockerels 

Body weight 
(grams) 

Testes weight 
mg/lOOg. 
body weight 

1 Prothrombin clotting 

1 times 

^ Haemoglobin 
g per 100 ml 


undil 

dll X 4 

Dosed sulphamezathme 
Good body growth 
M^ked comb 
development 

295 

39 6 

51 2 

73 4 

784 

Dosed sulphamezathme 
Poor gro\^ 

No comb development 

166 1 

1 

85 

487 

68 6 

754 

Control — undosed 

308 

13 6 

34 8 

49 6 

7 58 


The stimulus to sexual development provided by sulphamezathme to cockerels 
disappeared upon withdrawal of the drug, so that it became impossible to distin- 
guish between dosed and undosed cockerels 3 weeks after the end of the 
treatment 

Extracts of testes from normal and sulphamezathme-treated cockerels 
appeared to have no hyaluromdase activity This is perhaps to be expected, as the 
immature testes contained no mature spermatozoa 

Microscopic exammation of the thyroid glands of the sulphamezathme-dosed 
chicks failed to reveal any change 

The effects of certain dimethylpynrmdines on cockerel chicks 

Only those sulphonamidcs which contam a pynmidme nng, i e , sulpha- 
mezathme, sulphamerazme, and sulphadiazme, appear to have any action on the 
testes Sulphamezathme, which contams a dunethylpynmidme nng, was much 
more active m this respect thsm either sulphamerazme or sulphadiazme Groups 
of 7-day-old chicks were dosed with 02 per cent (w/v) solutions of 2-hydroxy- 
4 6-dimethylpynmidme (white form), 2-hydroxy-4 6-dimethylpynmidme (yellow 
form), 2-ainmo-4 6-dunethylpynmidme, and 2-mercapto-4 6-dmiethylpynmidme 
m place of drmkmg water None of these substances had any effect on testes size 
or prothrombm tune The mercapto compound reduced the rate of growth, but 
the hydroxy compounds and the ammo denvative had no effect on body growth 

The effect of sulphamezathme on drakelets 

A group of ten 8-day-old drakelets was dosed with 0^ per cent (w/v) sulphamezattine 
in their dnnking water for 28 days Dry food of the same composition as used for chicks 
was made mto a damp mash with sulphamezathme soluUon The sulphamezathme^s 
readily consumed After 28 days’ treatment aU drakelets were killed and examined There 
was no evidence of mtestmal haemorrhages m any of the buds The treatment reduced 
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the grow'th rate, but had no effect on testes weight or on prothrombin and haemoglobm 
levels The sulphonamide level of the blood of ducklings dosed with 0^ per cent (w/v) 
sulphamezathme (4 4 mg per 100 ml ) was lower than that of chicks receivmg the same dose 

The effect erf sulphamezathme on the sex organs of male rats 

Groups of ten rats weighmg 50-60 g were placed on diets contammg sulphonamide 
(as 0 1 per cent of the dry matter of the diet) Half the rats m each group were castrated 
just before bemg put on the diets The rats were weighed at the beginnmg of the expen- 
ment and at mtervals throughout the period of dosmg The data (Table VUl) show that 
growth was considerably mhibited b> sulphapyrazine — ^rats on this drug hardly grew at all 
dunng the last two weeks of treatment — ^while sulphathiazole had no, and sulphamezathme 
only a shght, mhibitory effect on growth 

TABLE Vm 


THE EFFECT OF EKJSINa SULPHONASHDES FOR 34 DAYS OV SEX ORGANS OF MALE RATS 





Testes, 
mg mean 

Seimnal vesicles 

Nature of aiumals 

Mean body wt , g 

and prostate. 


Beginning 

End 

mg mean 

Undosed normal rats 

64 

143 

850 

272 

Undosed castrated rats 

Normal rats dosed with sulphameza- 

66 

146 



90 

thme 

Castrated rats dosed with sulphameza- 

55 

119 

880 

426 

thme 

63 

127 

— 

88 

Normal rats dosed with sulphapyrazme 
Castrated rats dosed with sulpha- 

53 

71 

480 

79 

pyrazine 

58 

86 

— 

90 

Normal rats dosed with sulphathiazole 
Castrated rats dosed with sulphathia- 

56 

139 

960 

292 

zole 

59 

135 
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None of the drugs produced any marked enlargement of the testes of normal rats, or 
enlargement of the seramal vesicles and prostate of castrated rats Sulphamezathme thus 
has no male hormone action on adult rats and does not cause teshcular hypertrophy On 
the other hand, the seimnal vesicles and prostate of normal rats treated with sulphamezathme 
were larger, and those of rats treated with sulphapyrazme smaller, than the same organs of 
rats fed on normal diet or -on a diet contammg sulphathiazole Thus although sulpha- 
raezathme had no effect on castrated rats and very httle on the weight of testes of normal 
rats. It caused enlargement of the semmal vesicles and prostate presumably by stimulation 
of the testes 

^Vhen rats were dosed with sulphamezathme from birth, hyperplasia of the testes 
occurred which was obvious m rats weighmg less than 50 g. Pregnant rats were fed on a 
diet contammg 0 1 per cent sulphamezathme and the diet was given to the mother and 
joung after birth The weights of the testes of young rats of different ages dosed with 
sulphamezathme are compared with the weights of normal animals m Table IX While 
the testes weight per 100 g. body weight mcreases from 380 to 700 mg m normal rats from 
16 to 52 g. m weight, the weights vary from 600 to 1300 mg. per 100 g. body weight m 
sulphamezathine-dosed rats from 17 to 54 g. body weight Increases m size of semmal 
'esicles and prostate occurred m joung rats, but these were less than the mcreases m size 
of these organs m adult rats dosed with sulphamezathme The mcrease m testicle size 
(Figs 5 and 6) is similar to the effect on the cockerel testes 
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TABLE DC 


THE WEIGHT OF SEX ORGANS OF YOUNG NORMAL MALE RATS AND YOUNG RATS IXISED WITH 
SULPRAMEZATHTNE FROM BIRTH 

A Normal Rats 
Wt of rat, g 
Wt, of testes, mg 
Wt of seminal vesicles and 
prostate, mg 

Testes wt as mg /lOO g body 

Wt 

Seminal vesicle and prostate wt. 
as mg /lOO g body wL 


16 

22 

29(2) 

32(4) 

46(2) 

33(2) 


61 

97 

120 

163 

303 

363 


30 

32 

47 

55 

66 

71 


380 

440 

410 

510 

660 

700 


187 

146 

162 

172 

144 

196 


'HAMEZATHINE 






17 

29(2) 

35 

38 

47(2) 

50(2) 

34 

103 

221 

302 

330 

609 

585 

702 

34 

48 

65 

99 

94 

104 

93 

600 

760 

860 

870 

1290 

1170 

1300 

200 

165 

186 

260 

200 

204 

173 


B Rats Dosed wrm Stn 

Wt of rats, g 
Wt of testes, mg 
Wt of senunaT vesicles and 
prostate, mg. 

Testes wt asmg/lOOg bodywt 
Seminal vesicle and prostate wt 
as mg /lOO g body wL 

Some figures are averages of groups of rats of the same weight The number m such groups is 
indicated in parentheses 


The toxicity of suiphamezffthtne in adult fowls 

Two groups of SIX mature RJR pullets and cockerels were dosed by mouth with a 
16 per cent (w/v) solution of sodium sulpjiamezathme at a rate of 02S g. per kg body 
weight daily for 14 days The pullets which had been in full production ceased to lay on 
the 3rd day The fowls became sick and deaths of pullets occurred on the 6tb, 7th, 9th, 
and 16th days, and of cockerels on the 7th, 12th, 13th, 15th, and 16th days The survivmg 
cockerel remamed apparently normal and when killed on the 21st day showed no apparent 
lesions The two survivmg pullets were very 'ick on the 15th day but improved by the 
21st day, when they were killed Both had low haemoglobin concentrations (7 5 and 8 1 g 
per 100 ml ) On post mortem examination both were found to have retamed fully formed 
eggs in the oviduct , the eggs were coated with a fibrmous dtposit and appeared to have 
remamed stationary for some time 

Obvious symptoms were only apparent durmg the four days pnor to death although 
appetite was decreased, the crop remamed distended with food , the feathers around the 
vent were matted and stamed with yellow faecal material , the excreta of some birds had 
a" bright greenish-yellow colour which resembled that of fowls affected with fowl typhoid 
Some fowls were dismclined to move about and locomotor ataxia was apparent for about 
24 hours before death The colour of the comb and wattles changed m some instances to 
a bright salmon-red , m one fowl the head appendages became blue and shnvelled Body 
temperatures were elevated up to a maximum of 110 4’ F On exammahon of the cloacal 
mucosa petechiae could sometimes be observed In cockerels the gemtal emmences oecame 
green or brown as a result of extravasated blood 

Post-mortem exammation revealed widespread lesions Haemorrhages wefe mvanably 
present m the intestmal tract, extendmg from the duodenum to the cloaca (Fig. 7) , the 
gizzard hmng of one fowl also was involved The haemorrhages were similar to those seen 
m younger chickens and varied in size from petechiae to plaques of 5 mm diameter The 
lesions m the large mteshne became ulcerated as a result of erosion of the mucosa" the 
contents of the mtestmes were mucoid and sometimes bloodstained , petechiae were present 
in the serous membranes, in the abdonunal fat, at the base of the heart, and of the gizzard 
The hver was somewhat enlarged and fnable , large wedge-shaped infarcts were seen , the 
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colour of the liver of two fowls was changed to green TTie kidneys were enlarged and 
the colour changed as in the liver Numerous basophilic erythrocytes appeared before death 
and the haemoglobin level fell sharply The spleen was slightly enlarged in some cases and 
contained subcapsular haemorrhages The ovanan follicles were soft and flabby, and in 
one case yolk matenal was present in the pentoneal cavity A coliform organism was 
isolated in pure culture from the spleens of three fowls and heart blood of one It is 
probable that the infecting organisms invaded the blood from the gut through the intestinal 
lesions Similar effects on the gut were produced when sulphamezathine (250 mg /kg body 
weight per day) was administered by feeding in capsules (cf Fig 8) 

The effect of sulphamezathine on the breeding capacity of fowls 

Four 10-month-old R 1 R cockere's were dosed with 0 15 g. per kg body weight daily 
Examination of semen collected from these cockerels before dosing commenced and at 
intervals during treatment, failed to reveal any change in the yield of semen, or the density, 
form or motilit) of sperms One cockerel died after the 36th dose with lesions of sulpha- 



Fig 1 — 35-day-old cockerels The two on the left were dosed with sulpha- 
mezathine for the last 28 days and show enlarged combs and wattles as 
compared with the two controls on the right 


mezathine poisoning After the 50th dose the cockerels were mated to three pens (A, B 
and C) each of six virgin pullets The cockerel in pen A died on the 58th day of dosing 
from sulphamezathine poisomng. Fourteen eggs laid by pullets in pen A between the 
53rd and 58th day were incubated 5 were fertile and 3 hatched normal chicks Dosing of 
the cockerels in pens B and C continued until 102 doses had been given but had no 
apparent effect upon fertility 

A group of SIX laying hens and a cockerel were doseo with 0 2 per cent (w/v) sulpha- 
mezathine in their dnnking water Egg production ceased by the 3rd day, 2 eggs were 
laid on the 10th day, all six hens had resumed laying by the 15th day Dunng the 
succeeding 6 weeks 42 eggs were incubated of which 5 were infertile 28 normal chicks 
were hatched from the remainmg 37 fertile eggs Thus the dosing had only a temporary 
effect on the egg-laying of fowls 


Discussion 

As sulphamezathine and sulphapyrazine are so useful in treatment of cocci- 
dio^is in chickens it is of value to know what other effects these drugs may have 
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"°7"?:-' 3 —Section of testis from 35-day 

° ^ cockerel H and E qIj cockerel, dos^ with sulpha 

mezathine (0 2% in dnnking water) 
for 28 days, showing hypertrophy 
of tubules H and Ex^ 


Fic 4 — Section of tesiis from 35 day- 
old cockerel dosed with sulpha 
mezathine showing hypertrophy 
of part of the tubular tissue while 
other tubules are not enlarged Fio 5 — Section of normal testis from 

H and Ex 100 rat weighing 16g H and Ex660 



Fio 6 — Section of testis from a rat 
weighing 17 g and doseO with 
sulphamezathine from birth H 
and Ex660 
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While sulphamezathine is liable to cause hyperplasia of the testes of young 
cockerels, lengthens the blood clotting time, reduces the rate of growth, and 
causes haemorrhage in the gut, sulphapyrazine has not been found to have any 
of these effects Sulphapyrazine is also quantitatively more effective than sulpha- 
mezathine in curing coccidiosis, but it is not prepared and is not available in 
England In spite of the pathological actions which sulphamezathine can have it 
remains a valuable drug because the toxic effects are not produced unless treat- 
ment IS carried dn for longer than the recommended period of 7 days Prolonged 
treatment has, however, been used by some farmers and a few deaths from 
haemorrhage have occurred 



Fig 1 — Alimentary tract from chicken 
dosed with sulphamezathine show- 
ing widespread haemorrhagic 
lesions 



ABC D E 


Fig 8 — (a) Duodenum from chicken 
dosed with sulphamezathine (6) 
Corresponding duodenum from 
normal chicken (c) Rectum and 
caecum from chick treated with 
sulphamezathine (d) Gizzard 
and proventnculus from chicken 
treat^ with sulphamezathine 
(e) Omental fat with haemor- 
rhages from chicken treated with 
sulphamezathine 


The increase in therapeutic effect paralleled by an mcrease m effects on the 
blood clotting system and on the testes, which occurs when one (sulphamerazine) 
or two (sulphamezathine) methyl groups are introduced into the sulphadiazine 
molecule may be due in part to the increased absorption of these methyl 
stilphapyrimidines 
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The effect on blood clotting, and probably to some extent on induction of 
haemorrhages, tan be neutralized by feeding menaphthone or by the addition of 
a soluble vitamin K preparation to the sulphamezathine solution In view of this 
It might be advisable to mcorporate a small amount of a vitamin K preparation 
in sulphamezathine solutions issued for treatment of caecal coccidiosis 

Summary 

1 Sulphamezathine, which is an excellent drug for the treatment of caecal 
coccidiosis in chickens, has certain undesirable side effects These effects include 
(a) a decrease in the rate of clotting of the blood, similar to that produced by 
dicoumann, which is neutralized by vitamin K , (h) induction of haemorrhages, 
particularly in chicks between 6 dnd 12 weeks old dosed for several weeks , (c) a 
decrease in rate of growth , and (d) a hyperplastic action on the testes of young 
cockerels, accompanied by growth of the comb and wattles and precocious sexual 
development 

2 Sulphapyrazine, which is somewhat more effective than sulphamezathine in 
treatment of coccidiosis, has none of these effects 

3 Sulphamezathine causes hyperplasia of the testes of young rats, but not of 
adult rats The increase in testes size is accompanied by some increase of the 
seminal vesicles and prostate The drug has no effect on the seminal vesicles and 
prostate of castrated rats 

4 Sulphamezathine does not appear to affect the fertility of adult cockerels 
or the laying capacity of fowls 

We Wish to thank Dr P Koller for preparing the microphotographs, Mr D M Brown 
and Dr F Rose for gifts of the dimethylpyrimidine derivalives, and Dr F Bergel, of 
Messrs Roche Products, for synkavit 
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THE COMPARISON OF RESPIRATORY 
STIMULANT DRUGS 

BY 

R H. THORP 

From the Wellcome Physiological Research Laboratories, Beckenham, Kent 

(Recdred Dcccsabcr 11 194G) 

Drugs stimulating respiration are usually classified as analeptics or as 
respiratory analeptics This latter term is perhaps more useful smce the term 
“analeptic” has such a wide significance that, m addition to picrotoxm and 
lepta2ol. It can also mclude such substances as amphetamme and epbednne, 
which have an action at higher levels m the central nervous system The method 
about to be described has been devised primarily for the more purely respiratory 
type of analeptic 

The methods usually employed to compare analeptics (usmg the term 
generally) are based upon the reduction they produce m the duration of anaes- 
thesia Trevan (1939) used this prmciple to compare the central stimulant 
actions of amphetamme and isomers of ephedrme m imee which had been 
anaesthetized with paraldehyde He also included some experiments m which 
picrotoxm and leptazol were employed as the stimulant drugs, which showed 
that amphetamme had a greater awakenmg effect upon mice than either picro- 
toxm or leptazol, but that leptazol is shghtly more effective than picrotoxm 

This type of method is very suitable for the examination of compounds of the 
amphetamme type m which Trevan was primarily mterested, but has several 
disadvantages when employed to test the more predominantly respiratory 
stimulants 

Qiakravati (1939) pomted out some of the objections to this method and 
attempted to overcome them One of the mam objections is the variable depth 
of anaesthesia resultmg from the admmistration of a fixed dose of anaesthetic 
to a senes of mice, and Chakravati attempted to sort out his animaJc accord- 
mg to the depth of anaesthesia. Despite this," several objections still remam 
Firstly, the annuals are not necessarily anaesthetized to a constant depth and, 
secondly, the degree of anaesthesia is not comparable with that occurnng in 
patents when analeptics are reqmred. When these drugs are used clmically it 
IS usually to combat excessive degrees of anaesthesia resultmg, most often, from 
barbiturate anaesthetics 

D 
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The cntenon by which stimulant drugs will be judged in such clinical use 
IS not so much the extent to which they will awaken the patient as the reliability 
with which respiration can be unproved with their aid The two effects are inter- 
related smce the awakenmg effect will follow the use of a successful respiratory 
stunulant more quickly than if it were not employed 

A most mteresting contnbution was made to the study of analepuc drugs of 
this type by Das (1939), who gave contmuous mtravenous mjections of anaes- 
thetics to depress the respnation of rabbits by about 50 per cent and then 
observed the effects of different stimulant drugs upon that level of anaesthesia 
The method we have used is sunilar to that of Das except that a much more 
cntical level of anaesthesia is employed 

Experimental Procedure 

Guinea-pigs weighing between 250 and 700 g, are used, in groups of eight or ten 
animals, the weight distnbuuon m any set of animals being not more than ± 20 per cent 
different from the mean value for the group The animal is secured prone on an operating 
table and the hair is removed from the outer surface of the forelimbs between the ankle 
and the knee A bleb is raised on each forebmb by the injection of 0 1 cx of a solution 
of 2 per cent (w/v) procame subcutaneously just over the route of the accessory cephalic 
vein After a minute the skm m this region is plucked up with forceps and a small patch 
cut out with scissors, thus exposing about i in of the vem m each forelirab 

The anaesthetic is made up in such a strength that it will kill the gumea pig when 
infused continuously in about ten minutes The anaesthetics we have used are thiojientone 
soluble and pentobarbital soluble, both made up in solutions of 7 5 mg /c,c. The rate of 
contmuous injection employed does not seem very important, but for these solutons 
0 6 c c /mm has been used and found satisfactory 

The anaesthetic solution is injected mto the animal by means of a fine dental needle 
inserted m the vem and attached to a raotor-dnven syringe containmg the solution With 
a httlc practice this injection becomes a sunple matter As mjection proceeds the depth of 
anaesthesia increases until there is considerable respiratory depression The intervals between 
successive breaths become longer and longer When twenty seconds have elapsed after a 
breath the injection is stopped At this level of anaesthesia spontaneous recovery is very 
improbable If the animal is kept warm, however, the heart will conUnue to beat for 
several minutes The analeptic drug is next injected mfo the vem of the opposite limb in 
a sunilar manner, as a solution contammg a half to one LD50 of the substance per cc. 
In our expenments a rate of 0 6 c.c /mm was employed 

A true respiratory analeptic will cause respuabon to start agam m a few mmutes and 
the amount of drug required to do this is recorded The mjechon of the drug is contmued 
until there arc signs of over-stunulation, such as convulsive jerks , the mjecUon is then 
stopped and the total amount of the analeptic drug given is recorded 

The gumea-pig is now placed, with the cuts on the forehmbs protected by pads of 
absorbent cotton wool, m a constant temperature cabmet at 30° C and observed, until it 
IS clear whether the animal will bve or die If the animal hves for two hours death later 
IS very unlikely , animals survivmg this pcnod arc then destroyed 

We have termed the dose required to restart respiration, and the dose reqmred to 
produce over-shmulation, A and B respectively The values of the and B doses per 
unit weight can be compared for different analepbcs 
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Results 

Experiments were first made to determme for how long the mjection of the 
anaesthetic must be contmued after the cessation of respiration m order to avoid 
spontaneous recovery The results obtamed are given m Table I and mdicate 

TABLE 1 

THE EFFECT OF CONTlNUINd THE DUECnON OF PENTOBARBITAL SOLUBLE (4 5 MG /MIN ) AFTER 
THE LAST BREATH UPON THE MORTALHy OF GUINEA-PIGS 


Time lapse after the last 
breath m seconds 

Mortahty after 1 hour 

0 

1/10 

5 

2/10 

10 

8/10 

20 

10/10 

20 

10/10 

20 

10/10 


I 


that such recovery is very unlikely when twenty seconds have elapsed after the 
last breath. Table n shows the mean doses of the two anaesthetics required to 
cause respuatory arrest m seven groups of ten gumea-pigs for each anaesthetic, 
together with the standard errors of these mean values The two final means 


TABLE n 

MEAN DOSES OF ANAESTHEnC REQUIRED TO CAUSE PERMANENT RESPIRATORY ARREST IN GROUPS 
OF TEN GUINEA-PIOS. BOTH ANAESTHETICS WERE DOECTED AT 4 5 MG PER MINUTE INTRAVENOUSLY 


Thiopentone soluble 

Pentobarbital soluble 

Group of 

Mean dose 

Standard 

Group of 

Mean dose 

Standard 

10 annnals 

mg./kg. 

error 

10 annnals 

mg./kg. 

error 

1 


I 8 

8 

686 

6-0 

2 

467 

29 

9 

63 3 

46 

3 

449 

25 


73 6 

48 

4 


38 


68-0 

37 

5 

45 2 

0-2 


69-1 

21 

6 

50-4 

32 


65 5 

29 

7 

36 9 

1 5 

■BH 

644 

17 

Mean 

44 44 

1-04 

Mean 

67 50 

1 6 


give an estimate of the LD50 of thiopentone soluble and pentobarbital soluble 
m gumea-pigs Each group of ten gumea-pigs was treated on the same day, but 
the fourteen groups were used over a penod of several weeks It will be seen 
that the groups of animals give consistent results one with another and the 
standard errors withm each group are small 
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For the assessment of a respnatory stimulant drug two groups of ten animals 
were used, one with, each of the anaesthetics, which were chosen to give both 
short and long durations of anaesthesia , thiopentone soluble was chosen for 
short and pentobarbital for long durations The former drug would be more 
readily antagonized and the latter, owmg to its longer action, would provide a 
better test of the analeptic propoty 

The results obtamed with picrotoxm are given in extenso m Table in and 
the correspondmg mean results for leptazol and tnazol 156 m Table IV Tnazol 

TABLE m 

T YPICAL SE T OF RESULTS OBTAlNCD BY THE METHOD DESCRIBED SHOWING THE RELATIVE 
respiratory stimulant actions of PICRDTOXIN upon the respiration DEPRESSED WITH 
TmOPENlONE AND PENIDBARarTAl. A B THE DOSE TO RESTART RESPIRAnON AND B THE DOSE 

TO CAUSE OVER-STIMULATION 


Tbiopentcme anaesthesia 

Pentobarbital anaesthesia 

Animal 

No 

Picrotoxm 
dose mg-Zlcg. 

Result of 
observation 
for 2 hr 

Annnal 

No 

Picrotoxm 
dose mfr/kg. 

Result of 
observation 
for 2 hr 

a 

B 

a 

B 

1 

14 

25 

Lived 

11 

104 

144 

Lived 

2 

20 

28 

Lhed 

12 

98 

141 

Lived 

3 

24 

10-8 

Lived 

13 


118 

Lived 

4 

28 

6-8 


14 


115 

Lived 

5 

25 

76 

Lived 

15 

58 

119 

Lived 

6 

- 


Fafled to recover 

16 

16 

Warn 

Lived 

7 

6-0 

13 7 

Lived 

17 



Lived 

8 

6-3 

141 

Lived 

18 

bI 

wSSm 

Died 

9 

5-0 

68 

Lived 

19 


12 7 

Lived 


48 

10-4 

Lived 

20 

la 

17 8 

Died 

Mean 

35 

83 

9/10 Uved 

Mean 

628 

14 43 

8/10 lived 

Std. error 

0-183 

140 


Std, error 

0-92 

079 



156 or o'c/diexyl-cthyl-tnazol, also known as “azoman,” was described by 
Behrens, Dinkier, and Woenckhaus (1937) This drug resembles leptazol m many 
respects, but is much more potent 

The results can also be represented graphically as shown m Figs 1 and 2 
These graphs were obtamed by plottmg the logaijthm of the dose requned by 
any one gumea-pig either to restart respnahon {A curves) or to cause over- 
stimulation {B curves) agamst the probit value for the percentage of the total 
number of athtohIs which responded to that dose of the stimulant drug or to 
smaller doses The mean value corresponds statistically to the LD50 m a toxicity 
test and causes recovery m 50 per cent of the animals The relative doses of the 
analeptics required can be seen from the graphs , the steepness of the curves 
gives a measure of the effiaeocy with which the drugs antagonize the anaes- 
thetics In Table IV the ratios of the potencies of the three analeptics are given. 
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takmg picrotoxin doses as 1 0 It will be seen that, with thiopentone anaes- 
thesia, both the A and the B values for tnazol 156 bear a constant ratio of 0 47 
to the corresponding values for picrotoxin This is because both drugs cause 
over-stimulation by the same proportional increase m the doses required to 
restart the respiration. This is not so with pentobarbital anaesthesia picrotoxin 
causes over-stimulation quite readily, but tnazol gives a very much smaller ratio 
for over-stimulabon because it does not antagonize this long-actmg barbiturate 
as readily as picrotoxm does 

TABLE IV 

K COMPARISON OF THREE ACCEPTED ANALEPTICS. THE VALUES UNDER A GIVE THE KEAN DOSES 
RHIUIRED TO RESTART RESPIRATION AND UNDER B TO CAUSE OVER-snMULATION THE RATIOS 
ARE THE INVERSE RATIOS OF THE DOSES, TAKING PlCROIOXIN AS IB 



Thiopentone anaesthesia 

Pentobarbital anaesthesia 

Analeptic 

A 

B 


■ 

A 

B 


■ 

drug 

u 

S- 

O 6Q 

Q E 

Ratio 

OH 

Ratio 

No 

alive 

1 

W 

Q B 

Ratio 

BO 

Q t 

Ratio 

No 

alive 

1 

PicTOtojcm 

2,0 nig./cx. 

06 ex. /mm. 

3.5 

(10) 

8J 

(10) 

9/10 

H 

63 

(10) 

14 4 

(IB) 

8/10 

b 

Tnazol 156 

7.5 

047 

17 8 

047 

10/10 


60 

105 

464 

OBI 

4/10 

d 

4 0 mg./ea 

06 ee/mm. 





■ 






Lratazol 
iOO mg./ec. 

218B 

0016 

H 

H 

9/10 

B 

234 0 

0027 

H 

H 

4/8 

f 

0 6 ee/mm. 



■ 

■ 


B 



B 

B 




(o) Muscular twitching persisted for 5-10 min. 

(6) Sli^t muscular twitchmg after mjecUon. 

(c) Very smooth respiration without twitchmg. Qmdc awakening, 
to) Difficult to produce over-stimulation. 

(e) No over-shmulation possible. Awakenmg effect most marked 
(J) No over-stimulation possible. 

It Win be seen from Table IV and Figs 1 and 2 that the most effective 
analeptic available to antagonize the barbiturate anaesthetics employed is picro- 
toxm, but that tnazol 156 is not greatly mfenor Picrotoxm is effective agamst 
both the short- and long-acting barbiturates used, but leptazol is much less 
effective agamst the long-actmg drug. Tnazol 156 is mtermediate between the 
two and antagonizes pentobarbital far less easily than it does thiopentone anaes- 
thesia. There is much more vanability m the results grvmg the B curve for 
tnazol and pentobarbital anaesthesia, and hence the slope of the curve is lower 
Leptazol is the least effective of these stimulant drugs and it did not cause 
over-stnnulation m these experiments If the mjection is contmued for a prolonged 
penod, however, secondary depression occurs , when this was observed the 
mjecuons were stopped one mmute after respiration had been re-established 
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This secondary depression has also been observed by Das (1939) When leptazol 
IS effective, however, it reduces the anaesthetic duration most markedly Animals 
frequently appeared quite conscious withm about ten minutes of mjectmg the 
drug, although a relapse mto deep anaesthesia was common, especially when 
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pentobarbital was used This awakening effect was noted by Trevan, and can, 
m the mouse tests, give a false impression of the efficiency of this drug Prob- 
ably the best analeptic of the three tested is tnazol 156, smce it does not cause 
the muscular jerkmg shown by picrotoxm, although larger doses are requured 
The method has been used to examme a senes of synthetic compounds the 
results of which will be reported shortly A compound can be exammed in 
approximately three hours, and the method gives a result under conditions 
comparable with those of the projected therapeutic apphcation The method 
gives no numencal mdex of the duration of action of these drugs, but transient 
stimulation while mjection is being performed has frequently been observed 
with new compounds Whenever this test has mdicated useful analeptic activity 
It has been our practice to use the method descnlied by Das m order to assess 
the duration of action of the drug, given by vanous routes, but the method 
described here provides a valuable primary measure of stunulant activity 

Summary 

A method of comparmg the respiratory stimulant properties of analeptics is 
described Gumea-pigs are anaesthetized by a contmuous infusion of short- or 
long-actmg barbiturates . when respiration ceases for twenty seconds the analeptic 
IS also infused The doses of analeptic required both to restart respiration and 
to cause over-stnnulation are measured 

A comparison of picrotoxm, leptazol, and tnazol 156 by this method is 
described 
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THE BIOLOGICAL ESTIMATION OF SUBSTANCES 
USED IN TREATING CESTODE INFESTATIONS 

BY 

PAMELA HOLTON 

From the Department of Pharmacology, Oxford 

(Rtodna Dcccsito 12, 1940 

The first experimental obsCTvations the action of anthchmnthic drugs 
were made by von Schroeder (1884, 1885) on annehd wonns He was followed 
by Trendelenburg (1916), who used round worms, but mamly worked with 
annehds. SoDmann (1919) and Wasicky (1923) used annehd worms and fidi HaD 
(1921) was the first to cany out experiments on mfested animals He detcrmmcd 
the percentage of parasitic worms which were expelled when iogi were given 
anthehnmthics , his mam mtercst, however, was m nematode^ Rcbello, Gomes 
da Costa, and Toscano Rico (1928 , also Gomes da Costa, 1931) showed that 
cestodes and nematodes behave differently when treated with antbelnunthics 
outside the body, as might be expected smce they belong to different phyla of 
the anunal kmgdom Gomes da Costa and his colleagues have developed a 
method for the observation of isolated segments of Taenia saghuda and Dipybdium 
canmum Their results have confirmed climcal findings and they have been able 
to recommend new drugs for trial (Gomes da Costa, 1930, 1932 , Gomes da 
Costa and Hamet, 1935, 1937) Th^ showed that the survival time of a segment 
of Dipylidium canmum m an oil bath bore an mverse relation to the concentra- 
tion of filix mas, but made no further attempt to obtam a response graded to 
the dose (Ettisch and Gomes da Costa, 1937) 

Culbertson (1940) worked with mice infested with Hymendepis fratema 
(called m this paper Hymenolepis nand) and found that doses of atabrme (mepa- 
erme) greatly reduced the number of worms m the mtestmes of the mice Again, 
however, no quantitative results were obtained 

The experiments described m this paper were undertaken to find a con- 
venient method of determining anticestode activity as part of an attempt to 
isolate the active prmaples of certam crude drugs The work has been done with 
one sample of extractum fiheas B J Mice supphed to the laboratory were found 
to be naturally infested by two spiecics of tapeworm, Hymendepis nana and the 
much larger Hymendepis diminuta. These two species cannot easily be distin- 
guished by inspection of their ^gs, so that infested iruce may harbour citbcr or 
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both species, but since H diminuta is so much larger than H ruma, the results, 
which were obtained by weighing the worms, depend almost entirely on the 
mfcstation with H dmmuta. When fresh mice came to the laboratory, infesta- 
tion was detenmned by microscopic examination of the fecccs for eggs , as a 
rule about 30 per cent of the mice were infested The rmce m the faeces of which 
no eggs were detected were returned to the laboratory stock and were re-exammed 
at mtervals of about 3 weeks, when a further 10 per cent were found to be 
infested. 


Details of Procedure 

Exarrviatwn of truce for infestation . — The mice were fed at least an hour before 
exanunaUon A pellet of faeces was then taken from each mouse and a faecal smear was 
made on a rmcroscope slide. Using low power focused on the bottom of the smear, it was 
fairly easy to spot the typical egg (see Fig I) containing a hexacanth embryo When m 
doubt the high power was used. 


LO'lmm 

Fig 1 — ^Helminth eggs foimd m mouse faeces, (a) Hymenolepis egg containmg a hexacantb 
embryo (b) Nematode egg. This is the only common egg likely to be mistaken for 
Hymenolepis 




When ext. fihas is used clinically, the patient is starved ovenughL The next mommg 
he IS given 3-6 ml. of the extract, followed by a salme purge after two hours This 
procedure was adopted with the infested mice, and the proportion of worms excreted was 
found Preliminary expenments were earned out to find suitable doses of exL films and 
of purgative 

Oral toxicity of ext fillds — The mouse dose, correspondmg to a human dose of 6 mL, 
IS 0002 mL An aqueous emulsion was made by shakmg cxL fihcis with sodium glyco- 
cholate (1 per cent) solution This emulsion was not very stable, but was used for the first 
experiments. Laler, when quantitative results were required, a standard emulsion of exU 
fihcis m ether and sodium glycocholate solution was prepared as desenbed below 
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Groups of mice were given by mouth doses of ext fihcis emulsion (1 and 10 per cent 
by volume) After 24 hours the dead mice were counted The results are given in Table L 

TABLE I 

ORAL TOXtCTTY OF EXTRACTUM FIUCIS 


Dose 

Volume of emulsion admmistered 

Result 

50 mg. 

0 5 mi 10 per cent (v/v) 

9 out of 15 mice died 

20 mg. 

0-2 ml 10 „ 

0 „ 3 „ „ 

10 mg 

10ml 1 .. 

1 0 ,, 3 


Since the lethal dose was about 50 mg , one fifth of this dose (10 mg. ext fihcis) was used as 
the highest therapeutic dose 


Choice of purgative — It is usually taught that a sahne purgative should be given after 
ext fihcis, smce when castor oil is used the extract dissolves m the oil and is absorbed The 
first experiments were therefore made with sodium sulphate as a purgative , this was found 
to produce diarrhoea when 0 1 g. (anhydrous) was given orally m 1 ml , half this dose was 
not effective Smce the purgative effect was delayed in some experiments and might have 
been due to hypertonicity, 1 ml of a solution of 6 5 g MgSO, 7H,0 in 100 ml water, which 
IS isotonic, was used instead 

Examination of matenal — ^Examinatton of faeces or gut contents was earned 
out m water on a black developing dish The white fragments of worms were 
picked out with forceps and rinsed free of debns At first all fragments were 
exammed microscopically and the number of scobces of each species {H dimmuta 
and H nana) was counted It was then decided to weigh the worm fragments m 
a small Gooch crucible after they had been roughly dned with cotton wool and 
filter paper An attempt to determme the dry weight after heating to 100°C for 
1 hour was unsuccessful because this weight was never more than a few milb- 
grammes and consequently was too small to be an accurate measure of worm 
content The wet weight was of the order of 100 mg per mouse and was adopted 
as a convement measure of the amount of worms The results of an early 
experiment are given m Table n 

TABLE U 


Material 

Scobces 

Weight of worm fragments 

Faeces 

H nana \ 

H diminuta 

Total 

Wet, mg. 

Dry, mg. 

10 Treated mice 

5 

18 

23 

711 ■ 

44 

10 Control mice 

1 

0 

1 

33 ' 

<1 

Gut contents 






10 Treated imcc 

I 2 


6 

167 

3 

10 Control mice 

[ 122 

■■ 

135 

787 

38 


Percentage of worms (wet weight) discharged by 
(1) Treated mice 81 
f2) Control mice 4 
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In the early experiments the control mice often died, and the conclusion was 
drawn that the period without food was too long Glucose injections were first 
tried as a means of providmg calones without givmg solid food, but these made 
no difference Lumps of sugar were then put m the boxes, and this device was 
successful , the experiments were earned through without deaths in the control 
or treated mice provided that mice of not less than 18 g weight were used 
The next difficulty was that mice receiving a high dose of ext fihas often 
discharged a smaller percentage of tapeworms than mice receivmg a lower dose 
It was assumed that the worms were affected by the higher dose, but the mice 
were weakened and so did not excrete them m the five hours of the experiment 
The solution of this problem was suggested by the fact that worms from the 
mtestmes of mice m control groups moved vigorously m water and could easfly 
be separated from those which did not move and which were assumed to be 
killed or paralysed by the drug To give the worms every chance of movement, 
the mtestmes were opened m warm salme The “ dead ” worms and live worms 
from each group were picked out as described before and weighed separately 
This division could always be made without hesitation when the worms were 
touched with forceps As well as the “ dead ” worms m the small mtestme, worms 
were sometimes found m the large mtestme, mcludmg the caecum , these were 
obviously about to be excreted, because Hymenolepts does not inhabit this part 
of the gut, and they were mcluded m the total of affected worms 

This revised technique was used m eleven experiments In each experiment 
groups of five infested mice (each mouse weighmg over 18 g), which had been 
fed on lumps of sugar from 6pm the previous day, were given doses of freshly 
prep<ired fihcis emulsion, followed by magnesium sulphate as a purgative after 
two hours Three hours later the faeces of each gtoup were exammed as already 
described Each mouse was then killed anc^ its mtestme was removed The small 
mtestme was put mto warm (38 °C) salme m a black dish and slit open longi- 
tudmaUy with scissors The mucosa was scraped with a microscope shde and the 
mtestmal contents were exammed as described above The large mtestme was 
treated m the same way The three categories of worms from the mtestmes of 
each group were weighed separately The weight of worms affected by the drug 
was expressed as a percentage of the total weight of worms m each group The 
method is illustrated by the followmg experiment 

Exp 17 Preparation of ext fthcis emulsion — ^After being stirred the exL fihcis (230 mg^ 
or four drops) was weighed in a 50-nil conical flask and dissolved m 1 ml of ether , 
distilled water, containing about 1 per cent sodium glycocholate, was added so that 1 mL 
of the resulting emulsion con tamed exactly 10 rag exL fihcis The emulsion was shaken 
before use and diluted when necessary with a solution of glycocholate and ether m the same 
proportions as above so that a volume of 1 ml was admimstered to each mouse. 

The ext. Alias emulsion and the purgative were administered with a blunted hypodermic 
needle, used as a stomach tube and a 1-ml syrmge 



104 


PAMELA HOLTON 


Ttmetable o/ experiment 
940 ajn Group t 
Group Z 
Group 3 
Group 4 


5 mice given by mouth 10 mg. exL filicis 
„ „ „ 5 mg. ext filicis 


2 5 mg. ext filicis 


Each group was put mto a wooden box with a metal floor and supphed with 
4 lumps of sugar and water 

11 40 ajn Each mouse was given by mouth I mL warm 6.5 per cent (w/v) magnesium 
sulphate- solution The groups were replaced m their boxes: 

2 40 pm. Examination of faeces scraped from the floor of each box 
Exammahoq. of intestmes 


The results are given m Table in 


TABLE in 

Figures are we ghts of worms (mg.) 



Group 1 



Group 4 

Dose of ext filicis 

10 mg. 

5 mg. 

25 mg. 

125 mg. 

Worms in faeces (o) 

53 

235 

286 

121 

Live worms m small intestme (6) 

0 

75 

290 

771 

“ Dead " worms m small mtestme (c) 

0 

41 

0 

0 

Worms m larrc intestme (d) 

Total worms (a 4- h + c + <0 

65 

130 

115 

0 

118 

481 

691 

892 

Total worms afiected by dnig (a + c + <0 

118 

406 

401 

121 

Percentage wet wei^t of worms affected 
by drug 

100 

85 

58 

13 


The results of the eleven experiments are given m Table IV A total of 220 mice were 
used , 55 for each dose of ext fihcis 


TABLE IV 

PERCENTAGE WET WHOKT OF TAPEWORMS AFFECTED BV DOSES OF EXT FtUOS 
OWEN TO GROUPS OF 5 MICE 


Dose of ext filicis 

Group 1 

Group 2 

Group 3 

Group 4 

10 mg. 

5 mg. 

25 mg. 

I 25 mg. 

Experiment 14 

100 

55 

48 

0 

15 

91 

IS 

9 

0 

16 

100 

88 

38 

s 

17 

100 

85 

58 

13 

18 

100 

59 

90 

0 

19 

67 

85 

0 

0 

20 

100 

33 

67 

44 

21 

96 

100 

8 

0 

22 

100 

45 

58 

52 

23 

86 

92 

40 

28 

24 

85 

100 

92 

14 

Mean 

1 

92 1 

1 

69 

46 

14 

1 
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It win be noticed that m any smgle expemnent (eg, expts 18, 19) the 
response is not necessarily graded to the dose, but if the results of any three 
consecutive experiments are taken together the mean percentage wet weights of 
tapeworms affected are graded to the doses This shows that at least fifteen imce 
must be used for every dose of anticestode drug The results are shown graphi- 
cally m Figs 2 and 3 In Fig 2 the mean percentage effect was plotted against 



Fig 2. — Results of 11 experiments usmg a total of 55 mice for each dose of ext fflipn 
Ordmates Mean percentage wet weight of tapeworms affected. Abscissae Dose (mg.) 
given to each mouse. 


each dose and a curve was drawn relatmg dose to effect In Fig. 3 the expected 
probits of the mean percentage effect calculated as described by Bliss (1938), 
were plotted agamst the logarithms of the doses The slope of the Ime. h=228 
The probability of the Ime, P, is approximately 0 02 
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SxaiMARY 

A method for the standardization of anbcestode drugs is described. Mice 
infested with Hymenolepis dimmuta were used as expenmental animals The 
mice were fed on lumps of sugar only for 15 hours Then each mouse was given 
a dose of ext filicis m 5 per cent ether emulsion usmg a stomach tube Two 
hours later each mouse was given a dose of magnesium sulphate solution as a 
purgative After another three hours the faeces were exammed for Hymenolepis 
fragments, which were collected and weighed The mice were killed and worms 
from each group were divided mto three categories, which were weighed 
separately 

1 Worms from the large intestine (not normally inhabited by Hymenolepis) 

2 “ Dead ” worms from the small mtestme 

3 Live worms from the small mtestme 

The weight of the affected worms (categories 1 and 2 and worms in the faeces) 
was expressed as a percentage of the total weight of worms Usmg four different 
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doses of ext filicis m a total of 220 mice (55 per dose), it was found that the 
probits of the percentage wet weight of worms affected mcreased m linear relation 
to the loganthm of the dose 

This work was earned out as a result of an inquiry from the Colonial Products Research 
Council whether substances could be tested for activity against tapeworms The work has 
been done at the suggestion and under the supervision of Prof J H Bum My thanks are 
due to Prof R T Leiper, who very kindly arranged for me to be shown the details of 
Hymenolepis infestation in mice 
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THE AFFINITY OF ATROPINE-LIKE ESTERS 
FOR ESTERASES 

BY 

a BLASCHKO, T C CHOU, AND ISABELLE WAJDA 
From the Department of Pharmacology, Oxford 

(Receired Dectmber 27 1946) 

In a recent paper from this department observations on a number of esters 
with atropmc*like actions were reported (Ing, Dawes, and Wajda, 1945) The 
substances studied mcluded the cholme esters of benzflic, tropic, and atrolachmc 
acid, as well as esters of benzflic aad m which cholme was replaced by other 
basic alcohols In the experiments to be described we have mvesOgated the 
behaviour of these substances towards esterases, and in particular their affinity 
for the cholmesterases, by testmg whether or not they inhibited the hydrolysis of 
esters knovra to be substrates of these enzymes In addition, we have examined 
two other esters of mterest to the pharmacologist (a) cocame, and (b) the 
diethylammoethyl ester of cyc/cfliexyl-phenylacetic acid (trasentm 6H) 

Mammalian tissues contam a number of different enzymes which will 
hydrolyse acetylchohne and other cholme esters (AUes and Hawes, 1940 
Richter and Croft, 1942 , Mendel and Rudney, L943 , Zeller and Bissegger, 1943 , 
Nachmansohn and Rothenberg, 1945) Mendel and Rudney have shown that 
two different types of cholmesterase can be characterized by usmg acetylcholine 
and benzoylcholme as substrates , they distmguish the “ true ” cholmesterase 
from the “ pseudo "-cholmesterase The former will hydrolyse acetylchohne 
only, the latter both acetylchohne and benzoylcholme We have found Mendel’s 
nomenclature useful m descnbmg our results and it has therefore been employed 
m this paper In addition to these two types of enzymes, preparations have been 
desenb^ which will hydrolyse benzoylcholme, but not acctylcholme The 
gumea-pig hver (Sawyer, 1945) and the ox kidney (Gunter, 1946) each contam 
an enzyme of this kmd 

Rabbit serum contams an enzyme, tropmesterase, which hydrolyses atropme, 
and It was naturally of mterest to study die behaviour of the synthetic atropme 
substitutes towards this enzyme Tropmesterase does not occur m all rabbits , 
Its presence is genetically determmed (Sawm and Ghck, 1943) 

A few observations were made on an enzyme which hydrolyses tropacocame 
m horse serum The occurrence of this enzyme, first reported by Ghck and 
Glaubach (1941), was confirmed 
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The tissues and substrates used are listed in Table I and the substances tested 
m Table IL 


TABLE I 


UST OF TISSUES AND SUBSTRATES USED 


Species 

Tissue 

Amount of 
tissue used 

Substrate 

Concentration 

Dog 

mideus 

5-10 mg. 

Acetykholme 

bromide 

6 X 10 «Af 

Horse 

Serum 

0.2 mL 

BcnzoylchoUne 

chlonde 

Bcnzoykhohne 

chlonde 

Benzoylchohne 

chlonde 

Atropine sulphate 

6 X lO-*Af 

Gmnea-pig 

Liver 

12.5-25 mg. 

6 X 10-*M 

Ox 

Kidney 

1 0-1 J g. 

6 X 10->Af 

Rabbit* 

Serum* 

015 ml 

1 g./100 ml 

Horse 

Serum 

0 J ml 

Troi»cocame 

hydrochlonde 

10-*Af 


• tropiDcsterase-positive. 


TABLE n 


Substance 


Stnictuie 



a 


a 

3 

a 


Lachesme CE3) or 
benzilyloxyethyldimethyl- 
etfaylainmcnuum dilonde 

Benzilylcholme 
chlonde (Cl) 

Tropylcholine chlonde 
Atrolactylcholine dilonde 


'Dnncthylaminoethyi benz- 
flate hydrocfalonde (C4) 

Diethylaminocthyl betml- 
atc hydrodilonde (El) 



Trasentm 6H or diethylammoelhyl 

phenylcyc/ohexylacetate 

hydrochlonde 


Cocaine hydrochlonde 


I^Tropacocaine hydrochlonde 


Ph, C(OH) CO, CH, CH, NMe,Et^a 


Ph, aOH) CO, CH, CH, NMe, j-a 
Ph.CH(CH,OH) CO, CH, CH, NMe, j-O 
Ph CMe(OH) CO, CH, CH, NMej^Cl 

Ph, QOH) CO, CH, CH, NMe,H j-Cl 
Ph, C(OH) CO, CH, CH, NEt,H^a 

^OH) CO, CH, CH, NEt,H|ci 
C,H„ 


MeOCOx 

CT— CH— CH, 
Ph.CO,(^ Hlkle 


\ 


CH,— CH, J 
CH,— CH— CH, 


Ph.CO 


Hhl 


\ 


Me 


CH, 


(!h- 


a 


>-a 


;-Ch,. 


Serial numbers m parentheses are taken from Ing ef a/ (1945) 
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Materials and Methods 

Enzyme extracts were prepared by grinding the appropriate organs with sand, Krebs s 
Ringer-bicarbonate was used as the medium No sand was added m preparing extracts of 
caudate nucleus, a suspension of the thoroughly ground tissue bemg used No attempt 
was made to punfy the enzyme preparations used, end it should be borne m mind that 
impurities may have influenced the affinities of the substances tested m this and the followmg 
paper 

Non-enzymic hydrolysis durmg the expenments occurred to a very small extent with 
the quaternary ammomum bases, but benzihc esters with a tertiary basic group showed a 
larger spontaneous hydrolysis which gave nse to a small blank Trasentm 6H gave a shght 
precipitate with the Ringer solution, and its actual concentration is therefore somewhat 
uncertam 

The hydrolysis was followed manoraetncally , the expenments were earned out at a 
temperature of 38° with a gas mixture contaming 95 per cent N, and 5 per cent CO, 


Results 

(1) Hydrolysis of acetylcholine by dog^ caudate nucleus (Table III) — ^Pre- 
parations of the caudate nucleus contain a powerful cholinesterase (Nachmansohn, 
1937) This enzyme is a true cholmesterase (Mendel and Rudney, 1943) 

Not one of the esters examined was hydrolysed by this preparation We also 
tested their affinity for the enzyme by measuring their effect on the rate of 
hydrolysis of acetylcholme They had very little action The strongest effect 
was found with cocame, which, m a concentraDon equimoleculaT to that of 
acetylcholme, caused an mhibttion of 50 per cent With trasentm 6H the 
inhibition was less, and none of the benzflic esters had any inhibitory activity 
m the concentration used 


TABLE in 

EJOKACT OF THE CAUDATE NUCLEUS OF THE DOO 
Hydrolysis of acetylcholme (6 x KL’Af) 


Substance added | 

Concentration j 

Percentage inhibition 

Lachesme (E3) 

6 X 10-W 

0 

BenziIWchoIme (Cl) 
Tropylcholinc 

6 X lO-’M 

6 X 10'»M 

0 

0 

C4 

6 X lO-W 

' 0 

El 

6 X 10-^Af 

0* 

Trasentm AH 

6 X 10 »Af 

15 

Cocaine 

6 X lO-W 

50 

1 


♦ This experiment was earned out with an extract of rabbit’s basal ganglia 


(2) Hydrolysis of benzoylcholine by horse serum (Table IV) — ^H6rse serum 
contains an active pseudo-cholmesterase, and m order to exclude the action of 
true cholmesterase we used benzoylcholine as substrate The same sample of 
serum was used m all these expenments 






ATROPINE-LIKE ESTERS AND ESTERASES 


111 


Horse serum hydrolysed atrolactylcholine , these observations are descnbed 
separately m section (6) None of the other esters was hvdrolysed, but they all 
bad an afiSmty for the horse scrum esterase all the substances tested mhibited 
the en 2 yme, and with cocame and trasentm the percentage inhibitions were higher 
than for true cholmesterase 


TABLE IV 
horse serum 

Hydrolysis of benzo>lcholinc (6 x 10** Af) 


Substance added 

Concentration 

Percentage inhibiUon 

Lachesine (E3) 

6 X 10->A/ 

71 

Bcnzdylcholine (Cl) 

6 X 10 * A/ 

33 

Tropylcholme 

6 X 10-»M 

43 

Trasentm 6H 

6 X 10-*Af 

81 

Cocaine 

6 X 10-*Af 

85 


(3) Hydrolysis of benzoylcholine in guinea-pig liver (Table V) — ^This pre- 
paration contams no pseudo-cholmcsterase (Blaschko, Chou, and Wajda, 1947) , 
the hydrolysis of benzoylcholme is solely due to the benzoylcholmesterase 
described by Sawyer (1945) Whether or not benzoylcholme is the normal 
substrate of the enzyme m the living animal is unknown 

AH the esters examined acted as mhibitors of the enzyme (see Table V) and 
the percentage inhibitions were higher than for either true or pseudo-cholm- 
esterase Not one of the esters was hydrolysed by the enzyme, with the possible 

TABLE V 

GUINEA-no’S UVER EXTRACT 

Hydrolysis of benzoylchobne (6 x 10~*Af) 


Substance added 

1 Concentration j 

Percentage inhibition 

Lachesine (E3) 

6 X 10-*Af 

94 


6 X 10-‘A/ 

91 

>T t 

6 X 10r*M 1 

66 

C4 

6 X 10-*Af 

100 

El 

6 X lO-’Af 

1 

100 

Trasentm 6H 

IJ. X 10->Af 

97 


1^ X 10*M 

88 


IJ. X I0-*Af 

80 


1 2 X 

1 

45 

Cocaine 

6 X 10-*Af 

100 


6 X 10-*M 

92 

»» 

6 X 10-‘AT 

44 
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exceptjon of trasentm 6H, where with the lowest concentration used (1.2 x lO-^Af) 
the percentage inhibitions during the first 15 mm penod were consistently 
higher than m the second 

(4) Hydrolysis of benzpylcholine m ox kidney (Table VI)— The benzoyl- 
chohnesterase of ox kidney desenbed by Gunter (1946) has not yet been fuHy 
analysed. The enzymic activity of the tissue extracts is very much less than that 
of the extracts of gumea-pig hver, and it was therefore necessary to use much 
larger amounts of tissue (see Table I) 

Our results with this preparation showed a stnkmg difference from those with 
the gumea-pig hver extract the esters exammed had little or no effect on the 
rate of hydrolysis of benzoylchohne 


TABLE vr 

ox KIDNEY EXTRACT 

Hydrolysis of benzoylcholine (6 x lO^Af) 


Substance added 

Concentration 

Percentage inhibition 

Lachesine (E3) 

6 X \0-M 

12 

Benzilylcholmc (Cl) 

6 X io-*Ar 

19 

C4 

El 

6 X 10-*Af ^ 

6 X 10-W 1 

0 (approx.) 

29 (approx.) 

Trasentm 6H 

10-W 1 

0 

Cocame 

10-W 1 

14 


(5) Hydrolysis of atropine in rabbit serum '(Table VII) — ^All experiments 
were earned out with the sera of two animals which were found to contam 
tropmesterase , they were among a group of about a dozen anunals tested for the 
presence of the enzyme Not one of the substances mcluded m Table Vn 
showed any enzyimc hydrolysis Cocame was not mcluded, as it was found to 
be hydrolysed enzymically , we confirmed Ghck and Glaubach’s (1941) observa- 
tion that tins hydrolysis also occurs m the senun of animals without tropmesterase 
The benzilic esters had no inhibitory action on tropmesterase (see Table VII) . 
of all the substances exammed only trasentm 6H had a slight inhibitory effect 


TABLE vn 
rabbit’s serum 

Hydrolysis of atropme sulphate (1 g /lOO mL) by tropmesterase 


Substance added 


Concentration 


Percentage inhibition 


Lachesine (E3) 
Benzflylcholme (Cl) 
Atrolactylchobne 
Trasentm 6H 


10-»Af 
10-*Af 
6 X 10 W 
10-»A/ 


0 

0 

0 

60 
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(6) Enzymic hydrolysis of airolactylcholtne in horse serum — ^None of the 
synthetic esters examined showed any detectable cn 2 ymic hydrolysis with the 
exception of the cholme ester of atrolactmic acid m horse serum Only small 
amounts of the substance were at our disposal, but the foUowmg facts were 
established the ester showed an appreciable hydrolysis m Rmger solution, but 
the rate of liberation of carbon dioxide was consistently higher m the presence 
of horse serum That this hydrolysis m excess of the blanks was due to an 
enzyme is supported by the foUowmg observations 

(i) the hydrolysis increased with increasing amounts of serum , in one experiment the 
additional amount of CO, hberated m 15 mm by 0^ ml of horse serum was 9 5 /il^ m 
another experiment with 0 4 ml of serum it was 19 ul (the figures for spontaneous hydrolysis 
m the blanks were lA and 9 J /•L respecuvely) , 

(ii) the additional hydrolysis was abohshed by boilmg the serum , and 

0ii) It was reduced m the presence of lJ8xl(y^M csenne 

In addition the foUowmg facts were established there was no enzymic hydrolysis of 
atrolactylchbline m rabbit serum (0 IS mL per flask) and m dog s caudate nucleus extract 
(equivalent of 40 mg. fresh weight of tissue per flask) 

These results strongly suggest that atrolactylchohne is a substrate of pseudo- 
chohnesterase Mendel et al (1943) have shown that the serum of the horse has 
about 5 tunes as much pseudo-cholmesterasc activity as that of the rabbrt. More- 
over, the eseiine mhibition of the hydrolysis of both benzoyl- and atrolactyl- 
cholmes were of the same order m the presence of 1 8 x lO-’Af esenne Ae 
hydrolysis of 6 x 10-^ Af benzoylcholme was reduced, the CO, output falhng from 
102 to 38.5 n\ m 15 mm , and for atrolactylchohne, used m the same concentra- 
tion, the correspondmg figures were 15 and 9 /tl CO, respectively It was also 
shown that atrolactylchohne had an affimty to pseudo-chohnesterase, as the 
hydrolysis of benzoylcholme was reduced m the presence of the atrolactmic 
estCT The amounts of carbon dioxide liberated by 0 2 ml of horse serum m 
15 mm. were 

with 6xlO-’Af benzoylcholme — 117 

with 6xl0-’Af atrolactylchohne — 9 5 /«1 

with both esters — ^58.5 /iL 

(7) Hydrolysis of iropacocaine in horse serum (Table VIU) — ^None of the 
substances exammed had any affinity for the enzyme m the concentrations used 

TABLE Vni 


HORSE SERUM 

Hydrolysis of tropacocame (Ifl-’Af) 


Substance added 

Concentration 

Percentage inhibition 

Lacbesme (E3) 

10-*Af 

0 

BenzUylcholiiie (Cl) 

ICt-'AT 

0 

Cocaine 


0 

Atropine 

1 

10-«Af 

0 
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m our experiments The enzyme responsible for the hydrolysis of tropacocame 
must therefore be distmct from pseudo-cholmesterase, as this enzyme is mhibited 
by some of the substances listed m Table VlU, e g , cocame, lachesme, and 
benzdylchohne 


Discussion 

Our observations provide an example of the usefulness of inhibitors for dis- 
tmgmshmg related enzymes All the enzymes studied were esterases and yet 
great differences m then affimties to the esters tested were found The degree 
of inhibition is determmed not by the substrate used, which may or may not be 
common to two enzymes, but by the specific affimties of the enzyme itself With 
acetylcholme as substrate this was first clearly demonstrated m experiments by 
Zeller (1942), who found that the human serum cholmesterase was much more 
sensitive to iscipropyl-antipynn than the cholmesterase of the central nervous 
system 

Our results can be summarized m the followmg scheme 
Substrate Acetylcholme Benzoylcholme 



Enzyme 

True cholm- 

Pseudo- 

Benzoylcholin- 

Benzoylchohn- 

Affinity 
to the 
esters 

esterase 

cholmesterase 

esterase of guinea 
pig liver 

esterasc of ox 
kidney 

tested 

low 

mtcrmediate 

high 

low 


All the substances tested had little afiimty to true cholmesterase, more to 
pseudo-chohnesterase, and the highest affinity to the benzoylcholmesterase of 
gumea-pig hver , the benzoylcholmesterase of ox kidney was httle or not at all 
inhibited. The activity of the ox kidney was very low and the amount of tissue 
used had therefore to be very much greater than with any of the other prepara- 
tions (Table I) The possibihty that the small inhibitor action m this case is due 
to a reaction of the esters with some other constituents m the ox kidney cannot 
therefore be excluded, but it seems more likely that the benzoylcholmesterase of 
ox kidney differs from the correspondmg enzyme m the liver of the gumea-pig 
We have not found any enzymic hydrolysis of lachesme or any of the other 
esters of benzdic acid tested as atropme substitutes by Ing et cd (1945) It is 
mteresting that these substances which must have a great affimty for the tissue 
receptors on which atropme acts have httle or no affinity for the enzyme 
tropmesterase 
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Our expemnents on atrolactylcholme increase the number of choline esters 
known to be hydrolysed in anunal tissue , it seems interestmg that the chemically 
closely related esters of tropic and benzilic acids were not hydrolysed 

Cocame, an ester of benzoic acid, has a much higher affinity for pseudo-cholin- 
esterase, which hydrolyses the benzoic ester of choline, than for the true esterase 
which does not (see also Nachmansohn and Schneemann, 1945) Cocame also 
mhibits the benzoylcholinesterase of guinea-pig’s liver, but neither the benzoyl- 
chohnesterase of ox kidney nor the tropacocamesterase of horse serum was 
inhibited by cocame , this shows that affinity for cocame is not a general property 
of esterases which hydrolyse esters of benzoic acid 

SmtMARY 

1 The action of cocaine, benzilylchohne, lachesme, and a number of related 
atropme-like esters on cholinesterases and on tropmesterase has been studied 

2 These substances were found to have little affinity to the “ true ” cholin- 
esterase of bram tissue, more affinity to the “ pseudo ’’-cholmesterase of horse 
serum, and a high affinity to the benzoylcholmesterase of gumea-pig’s liver 
They had httle or no effect on the hydrolysis of benzoylcholme by ox kidney 
extracts 

3 They had httle or no affinity to the tropmesterase of rabbit’s serum 

4 Evidence is given which suggests that atrolactylcholme is hydrolysed by 
pseudo-cholmesterase of horse serum 

5 The tropacocamesterase of horse serum was not inhibited by these sub- 
stances, which shows that it is not identical with pseudo-cholmesterase 


We are grateful to Dr H R Ing for the benzoylcholme and the esters prepared by 
Ford-Moore and Ing (1947), and to Dr R Wien for the tropacocame used in these 
expenmen ts 

Two of us (H B and I W) are indebted to the Medical Research Council for personal 
grants held while this invesugatjon was earned out 
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THE INfflBmON OF ESTERASES BY PALUDRINE 

By 

H BLASCHKO. T C CHOU. AND ISABELLE WAJDA 
From the Department of Pharmacology, Oxford 

(Recetred Dceenber 27 194® 

Many observations on the action of antunalanal drugs on estcr-splittmg 
enzymes have been recorded Rona and Remickc (1921) have shown that 
quinine inhibits the esterase which hydrolyses tributynn m human serum , this 
enzyme is also inhibited by many other antnnalanals, e.g . pamaqum, optochin, 
and mepacrme (Fulton, 1936 ) Both quinme and mepacnne act on cholin- 
esterases qumme has been shown to inhibit the enzyme now generally known as 
pseudo-cholraesterase (Nachmansohn and Schneemann. 1945), mepacnne m- 
hibits the hydrolysis of acetylchohne by both pseudo- and true chohnesterases 
(Waelsch and Nachmansohn, 1943) 

It therefore seemed mterestrag to examine the effect of paludnne on esterases 
Paludnne differs greatly from the other antimalanaJs m its chemical constitution 
and IS characterized by a low toxiaty The latter feet made it imlikety that it 
would strongly inhibit an enzyme so vital as the “ true ” chohnesterase of the 
central nervous system and muscles, but it is known that there are other enzymes 
which will hydrolyse chohne esters We have therefore exammed the action of 
paludnne on all the known chohnesterases and on a number of related enzymes 

Material and Methods 

Most of these have been desenbed in the preceding paper (Blaschko, Chon, and Wajda, 
1947) In addition we have examined the hydrolysis of acetylcholine by plasma and red- 
cell baemolysate The hydrolysis of tnbutyrm was also studied m human serum and in 
cat’s Irver extracts The cat’s hver used for these experiments was washed free from blood 
In situ by perfusion with Locke s fluid 

ExpBrimbnts 

1 Cholbiesterases (Table I) 

Two preparations, representative of true cholinesterase, were examined an extract 
from the dog’s caudate nucleus and a haemolysatc of human red cells. Both were inhibited 
shghtly by paludrme. The rate of hydrolysis of acetylchohne (exlfr’Af) by the bram 
extracts was reduced by about 22 per cent in the presence of lO^Af pahidrine For the 
human haemolysatc the inhi bition was 49 per cent with paludnne , with ity^M 

paludnne there was no mhibihon 
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In the plauna (or serum) of many mammals the enzyme actmg on acetylcholme is 
pseudo-chohnesterasc. This enzyme which hydrolyses bcnzoylchohne as well as acetyl- 
choline was more strongly inhibited by paludnne. In one experiment with human plasma 
and acetylchobne as substrate the percentage inhibitions were 92 per cent with 10^ A/, and 
60 per cent with 10**Af paludnne Sunilar inhibitions were observed with cat’s plasma and 
horse serum as sources of the enzyme 


TABLE I 

ACTION OF PALUDRINE ON CHOUNESIERASES 
Substrate concentration 6 X lO^M 


SpeCKS and 
tissue 

Amount 
of tissue 

Substrate used 

Percentage inhibition 
by p^udnne 




10-*Af 

10-‘Af 

lO-'Af 

Dog’s caudate nucleus 
Human red-cell 

4 mg. 

acetylcholme 

22 

— 

— 

baemolmte 

Human plasma 

01 mL 


49 

0 

— 

0 05 ml 


92 

60 

— 

Horse serum 

OJml 

benzoytehoUne 

67 

35 


Cat plasma 

0005 ml 

acet)4chohne 

73 

— 


Guinea-pig liver 

12J mg. 

benzoyl choline 

94 

76 

26 

Ox Iddn^ 

1,000 mg. 

tf 

0 




Benzoylcholmesterase hydrolyses bcnzoylchohne, but not acetylcholme , the enzjme 
has been found m the liver of the gmnea-pig (Sawyer, 1945) and m ox kidney (Gunter, 
1946) It IS known that the latter organ does not contain psendo-chohnesteiase, and our 
experiments show that the same b true for the guinea-pig’s hver This was established by 
comparmg the rates of hydrolysis of benzoylcholine with and without esenne, which is a 
strong inhibitor of pseudo-chohnesterase (Mendel, Mundell, and Rudney, 1043) We find 
that the rate of hydrolysis of bcnzoylchohne is the same m the presence or absence of 
2x10-* eserme, a concentration which completely inhi bits pseudo-chohnesterase. 

The afiSmhes of paludnne for the two preparaboni, of benzoylcholmesterase are very 
different Whereas the ox kidney preparation was not inhibited by lO-'Af palndrme, this 
concentration rendered the enzyme from gumea-pig’s hver almost completely inactive 

It seemed mterestmg to compare the effect of paludnne on benzoylcholmesterase with 
that of a related compound whidi has no antimalanal action, at least on P Galllnaceum 
m ducks (Curd and Rose, 1946). Such a compound is the N.-methyl homologue of 
palndrme, the substance M5093 In this substance the bopropyl group of paludnne is 
replaced by a methyl group 


CH, 


a—/ V-^’^H.CNH.CNH.dri 

^ ^ D D L 

NH NH ai, 
Paludnne 


-NH.CNHCNH.CH, 

II 

NH 


1 ^ 


M5093 


The anti-benzoylchohnesterase activity of M5093 is very much less than that of paln- 
dime. In one experiment we compared the inhibition with paludnne and M5093, both 
m lO-’Af concentrations, on the benzoylcholinesteTase of gumea-pig’s liver The inhibitions 
were 


with paludnne 91 per cent , with M5093 42 per cent 
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In another experiment the inhibitions were 

with 4xlO-*A/ paludnne 49 per cent, with lO-* M5093 41 per cent. 

The latter experiment shows that the N methyl homologue was less active as an inhibitor 
when present m a concentration 25 times that of paludnne 

M5093 had no inhibitory action on the true cholmesterase from dog’s bram In a molar 
concentration of 10-' 

2 Tributynrjesterases (Table II) 

Rona and his collaborators have shown that the effect of quinme on the enzymic 
hydrolysis of tributynn differs for preparations obtamed from different organs the 
tnbutynnesterasc of serum is strongly mhibited by qumme (Rona and Remicke, 1921) 
but the esterase from liver is resistant to qumme (Rona and Pavlovic, 1922) 

Both paludnne and mepacnne behave similarly to quinine In the presence of llh’Af 
paludnne the tnbutynnesterase of human serum was almost completely inhibited and 
with 10-*M paludnne the inhibition was 82 per cent With lO-'M mepacnne (he inhibition 
was 92 per cent On the other hand, with the preparation from cat’s hver, the rate of 
hydrolysis of tnbutyrm was not affected m (he presence of lO-'M paludnne and of lO-’M 
mepacnne 

It is mterestmg that the three antimalarml substances, so very different m their chemical 
constitution, should resemble each other so closely m their affimties for this enzyme, but 
It must be pomted out that the compound M5093, which is without antimalanal activity, 
behaves m a sunllar fashion In a concentration of lO^M it was without inhibitory action 
on the enzyme from cat’s hver, but with human serum the inhibition was 72 per cent. 

TABLE n 

INHIBrnON OF TRmirmuNESTCRASES 
Substrate concentration 0 015 M 


Specie? 

mm 

Amount of 
tissue 

Inhibitor j 

Pen: 
at diffe 
lO-’M 

entage inhit 
rent concern 
10-*M 

iition 

(rations 

10-»M 

Man 

Serum 

0J2 ml 

paludnne 

94 

81 

24 

Cat 

Liver 

0 667 mg 

ft , 

2 

— 

— 

Rabbit 

Pancreas 

20 mg 


0 

— 

— 

Rabbit 

Kidney 

200 mg 


0 

— 

— 

Man 

Serum 

0.2 ml 

mepacnne j 

92 

87 

60 

Cat 

Liver 

0 667 mg 


0 

0 

0 

Man 

Scrum 

0 2 ml i 

M5093 

73 

36 

8 

Cat 

Liver 

0 667 mg 

» I 

0 

1 1 

i 


The hydrolysis of tnbutyrm m rabbit’s kidney and pancreas was not inhibited by 
lO-’M paludnne 

3 Other esterases (Table III) 

Paludnne had no effect on the hydrolysis of methyl butyrate by rabbits pancreas It 
had a shght inhibitory action on the tropmesterase of rabbits serum with KPAf paludnne 
the inhibiPon was 48 per cent We have also examined the tropacocamesterase of horse 
serum descnbed by Ghck and Glaubach (1941), this enzyme was not inhibited ‘’y paludnne 
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TABLE m 

ACTION OF PALUDRINE ON OTHER ESTERASES 

Paludnnc concentration 10'’Af 


Species and 
tissue 

Amount of 
tissue 
used 

Substrate used 

Percentage 

inhibition 

Rabbit pancreas 

20 mg. 

0 01 5 A/ methylbutyrate 

0 

Rabbit scrum* 

0 15 ml 

1 g /lOO ml atropine sulphate 

4S 

Horse serum 

0 J mi 

0 01 Af tropacocaine 
hydrochlonde 

0 


• The serum was from a rabbit which contained tropinesterasc. 


Discussion 

The mechanism of antimalanal activity is a matter of speculation, but it 
seems likely that the therapeutic action is due to the drugs mterfermg with meta- 
bolic reactions of vital importance to the parasites , such mterference is most 
easily thought of as an inhibition of enzymic reactions Plasmodial enzymes 
have not yet been available for study, but it has long been known that some 
anumalanals wdl inhibit certam mammalian enzymes Paludnne shares this 
property with such well-known antimalanals as qumme and mepaenne, but also 
displays some differences , it has, for example, a very low affimty for one of the 
physiologically most important enzymes, namely the true cholmesterase Its most 
powerful inhibitory action m our experiments was on the benzoylchohnesterase 
of gumea-pig’s liver, an enzyme so far characterized by a substrate which has 
not yet been shown to occur m animal tissues 

There is no general parallelism between an tima lanal and anti-esterase pro- 
perties, but the fact that so many antunalanals are at the same time inhibitors 
of esterases makes the suggestion that these substances act by mhibitmg an 
esterase of importance m the life cycle of the malana parasite worthy of 
mvestigation 

The pattern of afiSmties of paludnne for the cholmesterases is similar to that 
of the substances exammed m the precedmg paper Like cocame, trasentm 6H, 
and lachesme, paludnne has httle afiSnity for true chohnesterase , pseudo- 
cholmesterase is more strongly inhibited and there is a strong inhibition of the 
benzoylchohnesterase of gumea-pig’s liver, whereas the benzoylchohnesterase of 
the ox kidney is not inhibited So far as true and pseudo-cholmesterase are con- 
cerned, It has been shown that many substances have a greater a ffini ty for the 
latter enzyme, eg , dujopropyl fiuorophosphonate (Haw kins and Mendel, 1947), 
qumme (Nachmansohn and Schneemann, 1945), and the aromatic ammo alcohols 
of the type Ar-CHOH CH,NRj recently studied by Wnght (1946) It is 
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mteiestiog that the enzyme specifically connected with the metabolism of 
acctylcholme m nerve and muscle should be much less readily inhibited 

The authors arc grateful to Dr F L. Rose for the samples of paludiine and its 
N,-iiiethyl homologue used m this investigation. 

Two of us (H B and L W) are indebted to the Medical Research Council for personal 
grants held vdule this mvestigation was earned ouL 


Summary 

1 Paludnne has httle afiSmty for true chohnesterase 

2 It mhibits pseudo-cholmesterase more strongly 

3 It IS an inhibitor of the benzoylcholmesterase of gumea-pig’s hver, but not 
of the benzoylcholmesterase of ox kidney 

4 Paludnne, hTce qumme and mepaerme, has little affimty for the tcibutyrm- 
esterase of cat’s hver, but does inhibit the tributynnesterase of human soum 

5 The Ng-methyl homologue of paludnne has a much lower affimty for the 
benzoylcholmesterase of gumea-pig’s liver than paludnne itself 

6 Hie gumea-pig’s hver does not contam pseudo-cholmesterase 
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OXIDATION OF 

ADRENALINE IN ALKALINE SOLUTION 

BY 

G B WEST 

Frorrt the Pharmacological Laboratory, University of Edinburgh 

OUcdTcd Jtnntry t 1947) 

When adrenaline m snnple alkalme solutions is exposed to oxygen, the loss 
of physiological activity is accompanied by vanous other known phenomena 

1 The solution becomes pink and then red owing to the formation of 
adrenochrome, which has been isolated m crystallme form and has formula HI 
(Green and Richter, 1937 , Richter and Blaschko, 1937) Eventually, this mdole 
qumone is destroyed and the red colour disappears 

2 A green fluorescence develops and then disappears (for references see 
Jdrgensen, 1945) Attention was drawn to the advantages of this fluorescence 
for the detection of adrenalme by Ga'ddum and Schild (1934), who found that 
It provided a sensitive physical test, by which a concentration of 10^ adrenalme 
could be easily detected They also found that the reaction was specific at this 
concentration many substances chemically related to adrenalme giving no 
fluorescence, whflst others gave fainter green fluorescences m more concen- 
trated solutions 

3 The solution acqumes an mcreased power of reduemg arsenomolybdic 
acid (Shaw, 1938) This fact has also been made the basis of a specific and 
sensitive test for adrenalme If the reduemg power of a tissue extract be 
mcreased many tunes by treatment with alkah, the observation can be taken as 
evidence that the extract contams adrenalme or some other phenol with the same 
side cham Shaw stated that, if the treatment with alkali was prolonged, the 
colour decreased and the more active reduemg agent was itself destroyed. 
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It has been suggested (Utevsky, 1944) that adrenaline undergoes the follow- 
ing chemical changes in these conditions 





I Adrenaline 



N 


IV Leuco-adrenochrome 


(3) 


— CHOH 

c!h, 

/ 

\h, 

U Adrenaline-qinnone 


( 2 ) 


OH 


(!h, 

m Adrenochrome 




Substance IV eventually undergoes further changes of unknown nature 
Substances II and IV have not been isolated, but the theory is supported by a 
certain amount of indirect evidence 

The object of the experiments descnbed here was to determme the relations 
which exist between the formation of adrenochrome, the appearance and dis- 
appearance of fluorescence, the changes m reducing power and the disappear- 
ance of biological activity , m addition, experiments were carred out m order to 
obtam evidence about the substances responsible for these different effects and 
to devise an improved method, based on the fluorescence reaction, of detectmg 
adrenaline m low concentrations 


The fluorescence reaction and chemical properties of the oxidation products of 

adrenaline 

Gaddum and Schild showed that oxidation is the cause of the fluorescence 
of alkah-treated adrenalme, smce none was produced if all oxygen was removed 
from the solution Utevsky assumed that oxidation is the cause of the weaken- 
mg as well, smce intense oxidation destroys the fluorescent product By pre 
parmg solutions contammg large proportions of each of the reaction products, 
he was able to study some of their properties He found that the duration of 
fluorescence when alkali was added to the oithoquinone (II) or to adrenochrome 
was shorter than when it was added to adrenaline Formaldehyde inhibited 
oxidation of adrenahne to adrenalme-qumone before the mdole nng had been 
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formed On the other hand, he found that strong fluorescence was produced if 
adrenochrome and formaldehyde together were treated with alkali, suggesting 
that the fluorescent matenal w’as related to adrenochrome The conclusion 
reached by Utevsky was that the matenal giving the fluorescence was leuco- 
adrenochrome (TV) 

In a lunited study, the above reactions have been repeated and confirmed, 
and so far we have found no evidence to disprove Utevsky’s conclusions The 
fluorescent matenal is yellow m solution, gives a positive feme chloride reaction 
for catechols, a positive p-dimethylammobenzaldehyde test for mdoles, and is 
adsorbed at pH 8,5 by alummium hydroxide Efforts to isolate the fluorescent 
matenal m the dry state have so far failed, and therefore some of these reactions 
may be due to impunties The life of the fluorescent material can be lengthened 
by the addition of ascorbic acid to a solution with maximal mtensity, by adjust- 
mg the pH of the solution to 6 after maximal production, or by adsorption on 
alumma at pH 8,5 

Quantitative estimation of adrenaline 

Much work has been done in adapting the fluorescence reaction for quantita- 
tive work The findmgs desenbed here were obtained before Jorgensen’s work 
was published, but the conclusions are m good agreement with his 

Gaddura and Schild recommended the use of 5N NaOH for obtammg the fluorescence, 
but the interval of maximal intensity was then very short The reading was taken after 
20 seconds contact, and after about one minute no fluorescence remained The use of more 



Fig 1 — ^The eSect of different concentrations {N to 5N) of NaOH on the intensity and 
duration of fluorescence of adrenaline solutions Ordinates relative fluorescence as 
measured on the fluonmetcr Abscissae tune of contact between adrenaline (I0~n and 
alkah (1/10 voL) 
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dilute alkali wa* investigated, therefore, in order to prolong this misirnmn *nd enable 
companions to be earned out more accurately The results of this work, aboira in FJg. I, 
indicated that a satisfactory strength was 21V NaOH, with which maximal fluorescence was 
obtained in 1 min and lasted for 1 mm , only a slight loss of sensitivity resulted Com- 
pansons were made by two methods m the first (hereinafter referred to as West’s method), 
the adrenaline fluorescence was compared in Rimlngton’s (1943) fluonmeter agamst standard 
eosin solutions, whilft the second was a modification of Ihrgensen’s method, employing one 
concentrated standard eosm solution. In the fluonmeter, blank readings for water and 
alkali only were high, and relative fluorescence readmgs were obtamed by subtractmg the 
scale readmgs &om the blank ones A linear relationship existed between these readmgs 
and the concentration of adrenaline m the solution, for each standard eosm solution used 
(Fig 2) Fluorescence was produced by treatmg 3 ml of the adrenalme solution with 
03 ml of 2NNaOH The two standard eosm solutions had fluorescent mtensihes corre- 



Fia 2. — Calibration curve for fluoresceure of alkali-treated adrenalme, usmg standard eosm 

solution ”A ” 

spondmg to alkali-treated 10-' and 10^ adrenahne respectively Monax glass test-tubes 
have been used throughout this work, as they do not fluoresce m ultra-violet light 

In the second method, the fluorescence was compared with a similar volume of distilled 
water to which eosm solution (Di mg/lOO ml) was added from a burette. Another 
standard curve was obtamed, the volume of eosm solution added being baearly related to 
the adrenaline content of the solution (Fig. 3) The method was improved by the use of 

TABLE I 


ESTIMATIONS OF “UNKNOWN” SOLUTIONS OF ADRENALINE BY THE TWO ELUOBIMETRIC METHODS 

Jleadmgs taken after contact with alkali for 1 mm. Each experimental figure represents the 

average of six estimations 



1 Adrenalme 

'm Mfr/ 

'ml 




Solution taka 

Found, West’s method 
„ JStgenten’s 

method 

1 000 

1 010 

1020 

1 


0 300 
0303 1 

ojooj 


0100 

[olooj 

|0 098 

1 1 

0 070 
0 074 

0 075 

1 
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less alkali (0 2 ml of 2N NaOH) and less water (2 0 ml of water), and by carrying out 
compansons in the fluonmeter SoluUons of adrenaline prepared by an independent worker 
were estimated by both methods and good agreement found The results are recorded in 
Table I, each figure representing the average of six determinations The standard error of 
the test, calculated by the method of Gaddum (1938) using the true values of the unknown ’ 
solutions, was 2 11 per cent with Wests method and 2.15 per cent with JOrgensen s method 
The limits of error (P=059) therefore, are 100± 5 44 and 100±5 53 per cent respecuvely 



0 0010 025 005 0 10 0 15 020 <U5 

CorKentmlon of adremline 


Fig 3 — Calibration curve for fluorescence of alkali-treated adrenaline, using Jorgensen s 

eosm solution. 

The effect of alkali on strong solutions of adrenaline 

In order to measure the biological activity at difi’erent stages of the reaction, a more 
concentrated solution of adrenahne than previously used was treated with a weaker alkah, 
such as 1 SA^NbiCO, (as suggested by Shaw, 1941) The activity was detenruned usmg 
isolated rabbit gut, the perfused frog heart and perfused frog blood vessels and results 
are shown m Fig 4 A loss of 50 per cent was found after 15 mm contact. Chemical 
estimations by Shaws (1938) method with and without sodium sulphite and fluonmetne 
estimations were also earned out. 

AH the results ^re reduced to one scale and plotted on one graph (Fig 5) 
This graph suggests that the increase in reducing power is not due to the forma- 
tion of the fluorescent substance (as Utevsky suggested), smee maximal fluores- 
cence only appeared after 20 mm . and lasted only 5 mm There was a sudden 
mcrease m reduemg power withm 2 mm and this mcrease (usually five-fold) 
was mamtamed for at least 30 mm When the sulphite was omitted from Shaw’s 
test, the values followed the physiological activities very closely, but less than 
10"* adrenalme could not be detected by this procedure There appears to be 
little or no connexion between loss of physiological activity (measming rate of 
E 
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Fig 4— The physiological activity of adrenaline (ICr*) treated with 1/10 vol 1 SA^NaiCO, 
for given tunes The three methods of assay show fair agreement. 



Fig 5 — The chemical and physiological activities and the fluorescence of adrenaline solution 
(I O'*), when treated with 1 SNNa,CO, for given tunes 
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destruction of adrenaline) and increase in reducing power or production of 
fluorescence 

Sensitization of tissues to adrenaline by alkali-treated adrenaline 

During tests of the physiological activity of altah-treated adrenaline solutions on the 
perfused frog blood vessels, an interesting phenomenon was observed In this preparation 
the two antenor venae cavae and the nght aorta were ligatured, and Clark s Ringer solution 
from a Manotte bottle was perfused via a special arterial cannula into the left aorta and 
collected from the posterior vena cava into a drop timer (Gaddam and Kwiatkowski, 1938) 
After about 4 hours’ perfusion, during which tune the preparation became much more 
sensittve to doses of adrenaline, consistent responses to 0 01-005 /‘g. were obtained The 
presence of oedema was not detrimental to the responses, which were graded according to 
the dosage (Rg. 6) The perfused blood vessels of female Winter frogs proved the most 
suitable test objects , moreover, they were relatively insensitive to histamine, acetylcholme 
and atropine in moderate doses 

A short-lived sensitization of the preparation to a subsequent dose of adrenalme was 
shown by the same dose of adrenalme previously treated with weak alkali (UAtNa.COj) 
for 20 to 25 mm (Fig. 7) No such sensitization was detected in similar experiments when 
the adrenalme was treated with alkali for 15 min or less, or for more than 30 mm The 
time relations suggest that this sensitization is due to the fluorescent substance (Fig. 5) 
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because it was only short-lived That it was not due to the volume of saline injected the 
alkali used, or the adrenaline remainins acUve was shown by injecting these solutions alone 
just before the adrenaline dose Jang (1940) has already reported a short-hved sensitizauon 
of adrenaline responses by tyramine. sympatol and adrenalone, but a prolonged sensiUzation 



Fia 7 — The effect of adrenaline, treated with 1 5fVNa,CO, for 21 min , and given 1/2 mm 
before the standard dose of adrenaline (Ad 0 01 /ig.), on the outflow of the perfused frog 
blood vessels Enhancement shown was not quite equal to that due to doubling the 
standard dose 


by phenylisopropylamines such as benzednne and ephednne, which are immune to amine 
oxidase In the case of the alkah-treated adrenaline, there was some sensitization of the 
adrenahne response on the spinal cat, rabbit gut, and the Straub frog heart but none on the 
perfused frog heart On the cats nictitating membrane depression of the adrenaline 
response sometimes occurred 


Discussion 

It IS well known that adrenaline is unstable when dilutions are made in 
Tyrode or Locke solutions The pmk and red colours appear and with them is 
some fluorescence Red oxidation products have formed the basis of many 
chemical methods of estimatmg adrenahne m solution, the common oxidizmg 
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agents used being feme chlonde, potassium permanganate, persulphate, lodate 
or dichromate, and lodme It must not be forgotten, however, that oxida- 
tion may occur m the side chain (amme oxidase of Blaschko, Richter, and 
Schlossmann, 1937) 

The fluorescence of adrenalme m alkalme solution has been mvestigated and 
most of Utevsky’s findmgs confirmed That the effect of alkali on adrenalme 
should be oxidation followed by reduction is an unusual observation, but one 
explanation might be that a httle adrenochrome is first formed and this is 
reduced at the same time as further adrenalme molecules are oxidized The pro- 
cess may go on until all the imtial adrenalme is oxidized On the other hand. 
It IS possible that leuco-adrenochrome is formed from adrenalme-qumone and 
IS then oxidized to adrenochrome, m which case the fluorescent matenal would 
be another denvative of adrenochrome, givmg both catechol and mdol reactions 

It has been suggested that the fluorescent reaction is dependent upon a cer- 
tam groupmg such as =C-CHj -N=(J6rgensen, 1945), or even the phenyl- 
ethylauune nucleus Sympathomimetic ammes sunilar to adrenahne, such as 
p-sympatol, epimne, noradrenaline, and “ Dopa,” produce the same green 
fluorescence m much stronger solutions (Gaddum and Schfld, 1934), but 
tyramine, ephednne, and benzednne do not Catechol itself produces traces of 
fluorescence m alkalme solution, so that the basis of the production is not clear 
Nevertheless, the test is a specific one for adrenalme m concentrations of 10* 
and above, and, when used m conjunction with chemical and biological assays. 
It can form a good method for the identification of sympathomimetic ammes 
From the results shown here, it is certam that the reduemg agent m Shaw’s 
test IS not entirely composed of the fluorescent material The bnef prelimmary 
treatment of adrenalme with NNaOH for 2 mm produced fluorescence, but 
the acid nature of the subsequent reagents soon removed any fluorescence before 
reduction commenced 


Summary 

1 Adrenalme m alkalme solution has been shown to produce the fluorescent 
matenal, which is probably leuco-adrenochrome, and the reactions leadmg to 
its production have been studied This fluorescent test of Gaddum and Schild 
has been made of greater use by decreasmg the concentration of alkab to 
2NJ<raOH and measunng the fluorescence m a smiple fluonmeter 

2 A modified techmque for perfusmg frogs is described This preparation 
IS particularly suitable for the assay of adrenalme m tissue extracts smee it is 
relatively msensitive to histamme, acetylcholme, and other substances m these 
solutions 

3 Fluorescent solutions obtamed from adrenahne sensitized the perfused 
blood vessels of the frog to a subsequent dose of adrenalme, but had httle action 
on cat preparations and rabbit gut 
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THE ACTION OF ACETYLCHOLINE, ADRENALINE 
AND OTHER SUBSTANCES ON THE REFRACTORY 
PERIOD OF THE RABBIT AURICLE 

BY 

F J DE ELfo 

From the Department of Pharmacology, Oxford 

fRecdved IimrtTT 17 1947) 

In discussing the action of qumidme, veratnne, and strophanthin on the 
refractory period of cardiac muscle, Lewis and Drury (1926) pomted out that 
the effect on the absolute refractory penod differed from that on the effective 
refractory period The absolute refractory period is the length of tune before 
the muscle will agam respond to a stimulus , the effective refractory pOTod is 
the time before the muscle will agam transmit a propagated wave to any dis- 
tance. and for most purposes it is this effective refractory penod which is 
important Thus Drury and Love (1926) found that qumidme actually shortened 
the absolute refractory penod of the tortoise heart, but lengthened the effective 
refractory penod , it is, of course, this action on the effective refractory penod 
which makes qumidme of value to restore the normal rhythm m auncular 
fibrillation. 

A method of measurmg the effective refractory penod m the auncular muscle 
of the rabbit heart has recently been described by Dawes (1946) Usmg this 
method to test different substances for their power to act as substitutes for 
qumidme and to prolong the refractory penod of the auncular muscle, Dawes 
found that substances with several different pharmacological actions were 
effective Thus the local anaesthetics amethocame, cocame, and procaine pro- 
longed the refractory penod , similarly, substances called spasmolytics, such as 
syntropan, trasentm, pethidme, and papaverme, also prolonged the refractory 
penod Dawes pomted out that procame was not only a local anaesthetic, but 
had a spasmolytic action, shown by its power to reduce the stimulant action of 
acetylcholme on the rabbit mtestme, and further that procame diminish ed the 
action of acetylchohne m inhibiting the amphtude of contraction of the rabbit 
aundes beating spontaneously Dawes states that it is remarkable that qumme, 
qumidme, and procame antagonize the action of acetylcholme on many different 
types of tissue He quotes Harvey (1939a, b), who showed that qumme and 
procame reduced the action of acetylcholme on denervated skeletal muscle , he 
quotes Macgregor (1939), who showed that procame reduced the pressor response 
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to acetylcholine m the atropmized cat, and also Stavraky (1932), who showed 
that qumme reduced the secretory action of acetylcholine on the sahvary gland 
It appears that many of the substances which prolong the refractory penod have 
the general property of antagonizing the action of acetylcholine 

The question therefore arose what the action of acetylcholine itself on the 
refractory penod of the auncular muscle might be. and the work described here 
concerns this action Observations have recently been made by Wedd and Blair 
(1945) oa the action of acetylcholine and adrenaline on the turtle Ventncle They 
studied the changes iit, the Q-T mterval of the electrocardiogram With concen- 
trations of acetylchohne equal to 1 m 100,000 or higher, they observed slight 
shortemng of the Q-T mterval In an earlier paper, Blair, Wedd and Young 
(1941) discussed the relation of the Q-T mterval to other events m the cardiac 
cycle, and concluded that the Q-T interval comcided with the absolute refractory 
penod Wedd and Blair therefore consider that smce acetylchohne and also 
carbammoylchohne reduce the Q-T mterval, they also r^uce the absolute 
refractory penod In the paper by Drury and Love (1926) m which th^ dis 
tmguished between the refractory penod as ordmarily measured and the absolute 
refractory penod, it was shown that whereas qumidme lengthened the refractory 
penod as ordmanly measured, it dummshed the absolute refiractory penod It 
is therefore clear that no conclusion can be drawn about the effect of a drug 
upon the effective refractory penod from its effect upon the absolute refractory 
penod 

Dawes (1946) has already stated that adrenalmc diminished the refractory 
penod when it was tested on the isolated rabbit auncle He did not, however, 
publish any figures relatmg the dose to the effect 

Experimental Results 

Acetylchohne — The preparation of the rabbit auncle was the same as 
described by Dawes (1946) 

To test the effect of acetylcholme, 12 observations have befen made m 4 pre- 
parations As an example of the effect, before the addition of acetylcholme the 
auncle was able to follow stimulation at the rate of 260 per mm , but not at the 
rate of 274 per mm , each rate was apphed twice with the same result After 
10 yug acetylcholme had been added, the preparation followed stimulation first 
at 274 per mm , then at 292 per mm , but failed to follow at 314 per mm , it 
then followed agam at the rate 292 per mm. Thus a concentration, of 1 m 10 
milhon shortened the refractory penod by 12 per cent Larger doses produced 
a greater effect, and the addition of 50 /ig enabled the auncle to follow a rate 
40 per cent greater than the previous maximal rate The different observations 
are given m Table I In all the dmunution of the effective refractory penod is 
clearly seen The relation between the percentage mcrease m the maximal rate 
at which the auricles would follow the imposed fbytbjn was found to be m hnear 
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TABLE I 


EFFECT OF ACETYLCHOLINE IN SHORTENING THE REFRACTORY PERIOD 


Experiment 

No 

Dose 

FE 

Rate per min at which auncle followed 

Increase 

% 

before 

acetylcholine 

in presence of 
acetylcholme 

1 

2.5 

292 

338 

15 7 


50 

292 

350 

19 8 


10 0 

292 

363 

24 0 

2 

500 

284 

400 

409 


500 

284 

362 

27 4 

3 

50 

314 

338 

75 


10 0 

314 

362 

15 2 


200 

314 

362 

15 2 


400 

314 

388 

24 0 


400 

314 

388 

24 0 


80 0 

314 

414 

32.0 

4 

10 0 

260 

292 

12 3 



Fig 1 — Ordinates , per cent increase m maximum rate at which the auncle responded to 
electncal stimuli Abscissae doses (bath of 100 ml ) on a loganthmic s^e. The black 
circles show the effect of acetylcholme , the white circles show the effect of carbammoyl- 
choline. 
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proportion to the loganthm of the concentration of acetylcholine in one expen- 
ment This is shown m Fig 1 The doses of acetylcholine used dnninished the 
amphtude and the frequency of the spontaneous contractions of the auncles, 
though even the largest dose, which corresponded to a concentration of 1 in 
1,250,000, did not cause complete arrest 

Carbammoylcholme — Wedd and Blau- (1945) found that carbanunoylchohne 
diminished the Q-T interval of the turtle ventncle, and I have found that, like 



Fio 2 — Isolated rabbit auncles dnven electncally On the left the aundes fail to follow 338 
stimuli per mm , but follow 314 per mm. regularly At the arrow 4 ftg- caibachol was added 
to the bath This dunmished the mnphtude The auncles then followed 362 and 388 sttmuh 
per mm., though at this high rate the amplitude was very small At 414 per mm. the 
aundes did not follow the stunuli 


acetylcholine, carbammoylcholme mcreases the maximum rate at which the 
auncles will follow an apphed stimulus The spontaneous contractions of the 
auncles were arrested, but the responses to the electncal stimuladcm were more 


TABUE II 

EFFECT OF CARBAMINOYI.CHOUNE IN SHORTENING THE REFRACTORY PERIOD 


Experiment 

No 

Dose 

v-e 

Rate per nun. at which aunde followed 

Increase 

% 

before 

carbammoylcholme 

m presence of 
carbammoylcholme 

2 

so 1 

292 

430 

47.2 

5 

25 

252 

304 

206 


50 

244 

304 

24 5 

6 1 

1 

314 

338 

7J 


2 

314 

362 

15J 


4 

314 

388 

22di 


8 

314 

430 

37 7 


10 

314 

430 

37 7 

7 

1 

292 

338 

15 7 


2 

292 

338 

15 7 


4 

292 

1 362 

235> 


s 

292 

388 

32.7 


16 

292 

! 412 

410 
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vigorous than usual A concentration of 1 in 100 millions increased the maximai 
rate by 5 J per cent, and concentrations m die nei^bourhood of 1 m 10 mJBions 
mcrea^ the maximal rate by about 40 per cent. The observations are given m 
Table H, and the relation between the loganthm of the dose and the effect m 
one experiment is shown in Fig 1 An illustration of the effect on the auncles 
is given m Fig 2 

Adrenaline — To determine the effect of adrenaline on the maximal rate of 
•stimulation was a more difficult matter As already menboned, Dawes found 
that adrenalme enabled the auncle to follow a hi^er rate than before and 
therefore shortened the refractory penod In most experiments I have con- 
fumed this observabon, but in others adrenalme had the opposite effect, at least 
at certam pomts (see Table ITI) Out of 28 observations, adrenalme enabled the 


TABLE m 

immediate eftect of adrenaune on refractory period 


Expenment 

No 

Dose 

■ 

Rate at which auncle followed 

Immediate 
change % 

before 

adrenaline 

m presence of 
adrenaline 

after one 
washing 

8 

10 

274 

292 

260 

62 


20 

274 

314 

284 

14 6 


40 

274 

378 

292 

19 0 


80 

i 292 

378 

— 

294 

9 

10 

362 

338 

292 

-66 


10 1 

292 

274 

: 274 

-«SI 


20 1 

274 

292 

274 

6.2 


40 

274 

314 

314 

14 6 


80 

274 

, 292 

i 274 

1 6.2 


160 

274 

' 314 

274 

14 6 


300 

274 

292 

274 

! 62 


600 

274 

! 274 


\ 0 

10 

20 

260 

274 

260 

52 


40 

260 

274 

260 

52 

11 

10 

314 

338 

274 

76 


10 

314 

338 

274 

76 


20 

314 I 

362 1 

338 

I5J 


20 

314 

338 1 

292 

76 


40 

274 

314 

292 

14 6 


80 

292 

314 

292 1 

IS 

12 

10 

274 

292 

244 

62 


10 

260 

292 

260 

122 


20 

274 

338 

260 

232 


40 

274 

314 

234 

14 6 

13 

10 

20 

40 

40 

274 

274 

274 

274 

274 

274 

292 

292 

260 

244 

274 

260 

0 

0 

6S 

62 
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auncle to foUow at a higher rate in 23, but m the remaining 5 observations the 
rate was unaffected or reduced As examples of reduction, the addition of 10 /ig 
adrenaline to the bath of 100 ml reduced the rate from 362 to 338 per nun and, 
m a second trial, from 292 to 274 per mm The changes m the maximum rate 


TABLE IV 

THE NUMBER OF TIMES A GIVEN CHANGE WAS OBSERVED 


Dose of adrenaluih 

HR. m 100 ml 

Maximum rate 

mcreased more 
than 10% 

mcreased less 
than 10% 

not changed 

decreased 

10 

1 

4 

1 

2 

20 

3 

3 

1 


40 

4 

3 



80 

1 

2 




caused by adrenahne are shown m Table FV, m which it is seen that as the con- 
centration of adrenalme was mcreased more observations were made m which the 
maxunum rate was mcreased Thus when 10 /ig was added to the bath, an 



Fig 3 — Ordinates and abscissae as m Fig. 1 The white circles show the results obtained with 
different concentrations of adrenaline in one expemnent. The black circles are the mean 
results of all the observations made with adrenaime 
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increase greater than 10 per cent was observed m 1 out of 8 trials, whereas when 
40 /ig was added such an increase was observed in 4 out of 7 trials The mean 
of all observations is shown in Fig 3, m which the results of one exceptional 
experiment are also shown where the percentage mcrease m maximum rate was 
in Imear relation to the loganthm of the dose In some experiments the higher 
doses of adrenalme produced a smaller mcrease in maximal rate than lower doses 
A further cunous observation was made that when adrenalme was added to 
the bath and then washed out, the maximum rate fell below the mitial rate , 
thus the refractory penod was first shortened by addmg adrenaline, and then 
lengthened by washmg it out After further washing the rate returned by stages 



Fig 4 — Ordinates maximum rate p>er mm. at whidi the auncles responded to electncal stimuli 
Abscissae Ume in mmutes. The adrenaiine added to the bath was in contact with the 
auncles only during the first 10 min. , after washing out at 10 min. intervals, the maximum 
rate fell below the initial rate, and then gradually returned. 

to the initial rate Examples of this effect are given m Fig 4 This succession 
of changes caused by adrenaline was observ'ed 9 times m 4 different experiments 

Nicotine — An acUon of nicoune (used as amd tartrate) on the isolated rabbit 
auncle was exerted when large doses were gi\en these produced an increase in 
amplitude as shown in Fig 5 , no inhibitory effect tras seen Doses less than 
0 8 mg (added to the bath of 100 ml ) had no effect on the refractor} period 
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Fiq 5 — Similar to Fig 2 This record is shown to demonstrate the effect of 1 6 rag. mcotme aad 
tartrate added at the arrow Note the increase in amplitude similar to that produced by 
adrenaline, no inhibition is seem After the addition of nicotroe the auncles fol]ov«d 274 
stimuli per mm., whereas before the addihon the maximum rate was 260 per mm. 


but doses equal to this, or greater, usually increased the rate at which the auncles 
followed the apphed stimulus, though the effect was small In several observa- 
tions, however, this was tbe mitial eSect only, and while the mcotme lemamed 
m the bath, the rate fell below the starting rate Among the results given m 
Table V, there are examples of this double effect m each experiment Thus m 
Exp 4, the addition of 3 0 mg caused an initial mcrease from 274 to 292 per 


TABLE V 

IMMEDIATE EFFECT OF NlCOTtSE ON THE REFRACTd>RY PERIOD 


Expenment 

No 

Dose 

mg 

r 

1 Rate at which auricle followed 

Change 

(%) 

before 

nicotine 

in presence of 
nicotine 

after 

one washing 

— 

4 

Bn 

274 

274 

274 

0 


BIB 

274 

260 

244 

- 5 1 



260 

274 

274 

+ 53 


30 

274 

292 


4-6 5 

1 


1 

224 1 

234 1 

-18J 


16 

274 

244 j 

260 1 

-106 

13 

008 

HHBSHH 

274 

266 1 

0 


0.2 


266 

266 

0 


08 


274 


-I- 30 

1 

1 


238 

266 

-10 5 


1 6 

266 

284 


+ 67 


1 


238 

266 

-10 5 


30 1 

266 

304 


‘ -fl4.2 




252 


- 5.2 

14 

08 

314 

338 

292 

-f 76 


I 6 

292 

326 


-I-ll 6 




292 

314 

- 7 5 


30 

292 

314 


“f* 7JS 




244 

314 

1 —16 4 


1 6 

314 

338 

292 

+ 76 
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nun., followed by a decrease to 224 per nun before waslung out Tbe two 
phases of the mcotme action appeared to correspond to a stimulant stage and a 
paralysmg stage Thus, after testing the effect of 3 0 mg . a retrial of the effect 
of 1 6 mg produced a fall m the maximal rate, whereas earher it produced a 
rise 

Prostigmtne — ^The effect of prostigmme was tested m doses of 1 mg and 
2 mg These amounts produced either no effect or shght mcreascs of 5 or 6 per 
cent m the maximal rate , they greatly augmented the effects of acetylcholme and 
of mcotme, as shown m Table VI Whereas 200 fig of acetylcholme alone 
increased the rate by 39 per cent, m the presence of 1 0 mg prostigmme 10 fig 
of acetylcholme mcreased the maximum rate by 57 per cent 

TABLE VI 


EFFECTS IN THE PRESENCE OF PROSnCMINE 




Rate at which auncle followed 



Substance 

Dose 




Change% 


PS 

before 

m presence 

after one 





drug 

of drug 

washing 

(a) 

(a) to (b) 

Exp 15 







acetylcholme 

200 

260 

362 (a) 

292 

39 


prostignune 

1,000 

260 

274 (a) 


5 


acetylcholme 

10 


430(b) 

260 


57 

prosugmme ' 

2,000 

260 

260(a) 


0 


acetylchohne 

20 


388(b) 

292 


49 

nicoune 

1,600 

260 

388 (a) 

260 

49 


acetylcholme 

10 

260 

388 (a) 

244 

49 


Exp 16 







prostigmme 

1,000 

274 

292(a) 


6 


acetylcholme 

100 


388(b) 

314 


33 

prostigmme 

2,000 

292 

292(a) 


0 


acetylcholme 

200 


430(b) 

274 


47 

prostigmme 

2,000 

274 

292(a) 


<5 


mcotme 

1,500 


362(b) 

274 

1 

24 

prostigmme 

2,000 

274 

292(a) 


6 


mcotme 

3,000 


362(b) 

274 


24 

prostigmme 

2,000 

274 

292(a) 


6 


mcotme 

1,500 


292(b) 

274 


0 

mcotme 

1,500 

274 

274 (a) 


0 



The mcreases m maxnnal rate produced by mcotme and recorded m Table V 
were often small , m the presence of prostigmme, however, they were very large , 
thus 1 6 mg mcotme added to the auncle when some prostigmme effect remamed 
(after washing out 2 mg prostigmme), mcreased the maxunum rate by 49 per cent 
An attempt was made to see if large doses of acetylcholme, added m the pre- 
sence of prostigmme, would depress the maximum rate No such depression 
was obserred as showm m the second part of Table VI, though tbe repetition of 
large doses of nicotine led to disappearance of their action 
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Eserme — Eserme acted similarly to prostigmine Doses of 200 fig were 
themselves without effect, but m their presence the action of acetylcholine was 
increased , thus 1, 2, and 4 fig acetyJchohne produced mcreases of 14 5, 20, and 
39 per cent m the maximal rate Eserme likewise increased the action of mcotme , 
m the presence of 200 fig esenne, mcotme m a dose of 0 1 mg mcreased the 
maximum rate by 14 5 per cent, but larger doses of 0 2 mg and 0 4 mg mcotme 
tested afterwards had less action, the mcrease bemg 6 5 per cent for each dose 

Atropine — ^When atropme m a dose of 1 mg was added to a fresh prepara- 
tion there was, in each of three experiments, a slight diminutioa m the maximum 
rate After this addition, acetylcholme failed to cause the usual mcrease In 
some expenments it appeared that after atropme, the action of adrenalme dis- 
appeared, but this was not always so. and m view of the vanation m the response 
to adrenalme, it was not possible to conclude that atropme affected its action , 
nor did atropme modify the action of mcotme 


Discussion 

The results obtamed m this work are in line with the pomts brought out by 
Dawes concermng the substances which resemble qumidme m its action on the 
electrically driven auricle Dawes found that local anaesthetics and spasmo- 
lytics have a qumidme-like action and that they share the property of antagonizing 
the action of acetylcholme m stimulatmg the isolated mtestme of the rabbit and 
m inhibitmg the spontaneous contractions of the isolated rabbit auncles He 
pointed out that on skeletal muscle also the action of a local anaesthetic like 
procame resembles that of qumme From Dawes’s observations the conclusion 
can therefore be drawn that substances which prolong the refractory penod of 
cardiac muscle are, m general, antagomsts of acetylcholme The inference from 
this conclusion is that acetylcholine, and substances with a sunilar action, should 
shorten the refractory period The observations desenbed m this paper show 
that acetylcholme has this action and that carbammoylcholme has the same 
action The effect of acetylcholme is mcreased m the presence of esenne or 
prostigmine, and it is abolished m the presence of atropme The action of 
adrenalme is similar m direction to that of acetylchohne, but as the dose of 
adrenalme is mcreased there is httle mcrease m effect With acetylcholine there 
IS a Imear relation between log dose and the mcrease m the maximum rate at 
which auncles can be dnven over a considerable range With adrenalme this 
IS not so , with increasmg doses of adrenalme the mcrease m maximum rate is 
much less, and soon reaches a pomt beyond which no further mcrease is observed 

Smee the diverse substances which have a qumidme-like action on the auncles 
have the common property of antagonizmg the action of acetylcholme. the sug- 
gestion anses that the transmission of the impulse m cardiac muscle may be 
effected by a mechanism in which acetylcholme is a key substanc& and m which 
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the rate of transmission is governed by the rate of formation of acetylcholme 
Abdon and Hammarskjold (1944) have demonstrated that rabbit hearts, among 
other tissues, contain a precursor from which acetylcholme can be liberated, so 
that such a mechanism is a possibility The application of acetylcholine to the 
isolated auncle might then be supposed to facflitate the working of the mechanism 
by providing acetylcholme ready made The action of adrenalme could be 
regarded as an action m which it potentiated the effect of acetylcholme, the extent 
of the potentiation being limited Other examples of the potentiation of acetyl- 
choline by adrenalme have been described by Bulbrmg and Bum (for references, 
see Bum, 1945) The action of acetylcholine in shortening the refractory penod 
IS abolished by atropine, and if acetylcholme is concerned in the transmission of 
the normal process of excitation, it might be expected that atropme would be a 
potent substance in prolonging the refractory penod Several examples, however, 
are known where a normal process mediated by acetylcholine is not appreciably 
affected by atropme, although atropme abolishes the action of acetylcholme when 
externally applied When, however, such a normal process is exaggerated, then 
atropme removes the exaggeration Novoa Santos m his textbook of general 
pathology (1934) describes how auricular fibnllation m a proportion of patients 
IS arrested by atropme , if it is supposed that m these cases the fibnllation is due 
to excessive formation of acetylcholine, and that atropine antagonizes the action 
of this excess, we can then understand how atropine acts In a similar fashion, 
we can understand how atropme removes the tremors of paralysis agitans with- 
out affecting ordinary voluntary movements Ordinary movements appear to 
require the mediation of acetj'lcholme at the synapses , spinal reflexes are not, 
however modified by atropme The effect of accumulations of acetylcholme in 
the spinal cord, whether inhibiting or stimulating is however, abolished by 
atropme (Bulbring and Bum 1941) 


Summary 

1 Obsenations ha\e been made on the isolated auricles of the rabbit dn\en 
electrically Acetylcholine and carbammoylcholme increase the maximum rate 
at which the auncles will follow the stunulation applied 

2 The relation between the percentage mcrease m maximum rate and the 
loganthm of the dose is Imear for both these substances 

3 The effect of acetj Icholme is increased by esenne or prostigmine and 
abolished by atropme 

4 Adrenaline has some effect in mcreasmg the maximum rate of stimula- 
tion, but this effect increases onl> siighth with increase of dose 

5 Nicotine has an initial acet\lcholine-]ike action in large doses, which is 
followed by the opposite effect probably owang to partial paralysis 

6 The mechanism of these changes is discussed 
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THE INHALATION OF HEXOESTROL 
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From the Experimental Station Porton, and Edinburgh Unnersity 

(Received January 20 IWT) 

The word gynaecomastia was first used by Galen to describe an enlargement 
of the male breast (Karsner, 1 946) Such a condition may occur after the adminis- 
tration of natural oestrogens (Dunn. 1935) It occurred, with increased pigmen- 
tation of the areola and nipple, in a young man treated for acne with injections 
of oestradiol benzoate (Foss, 1940) Dunn (1940, 1941) reported gynaecomastia 
after 5 mg of stilboestrol daily by mouth for about 2-3 months m sexual 
criminals Reports have since been made of similar effects after synthetic 
oestrogen therapy for prostatic carcinoma (Moore, Wattenburg, and Rose, 1945) 
and for acne (Simon 1945) 

Scarff and Smith (1942) described bvo cases occurring in a factory where the 
highly potent sjmthetic oestrogen stflbcestrol was manufactured in quantity, e\en 
when stringent measures of protection were adopted Occupational gynaeco- 
mastia then became a recognized entity, and Fitzsimmons (1944) has desenbed 
the clinical findings in 20 cases, together with the routes of absorption and the 
preventive measures taken 

In the early months of 1942 we were interested in this industrial hazard, 
which naturally was causing a little concern among the workers as in addition 
to the gj'naecomastia there was the real nsk of impotence and testicular atrophy 
if only of a temporary nature (Dunn 1940 1941) and possibly of malignant 
change occumng in breasts showing “ a dangerous degree of epithelial prolifera- 
tion ” (Scarff and Smith, 1 942) 

After ingestion of natural oestrogens, much of the activity of a given dose is 
lost by detoxication in the liver, and it was shown by Biskind and Mark (1939) 
that a pellet of oestrone implanted in the spleen and thus absorbed via the liver 
was considerably less efficient in producing positive vaginal smears in castrated 
female rats than a pellet of the same size and shape implanted subcutaneously 
Stilboestrol and other synthetic oestrogens probably behave somewhat differently 
and are effective bv the mouth 

Workers in factones where synthetic oestrogens are made must therefore be 
protected against the risk of swallowing small quantities or of absorbing them 
b\ the skin They are also liable to be exposed to the inhalation of fine dusts 
contaminated with oestrogens The work described below was undertaken in 
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order to assess the effects of such exposure and to compare the effects with 
those of similar doses by the mouth 

Mcthods 

Expenments have been made with male human volunteers and with ^uinea-pi^s With 
men no speaal methods were used, but with gumea-pigs the effect was measured 

Male guinea-pigs show well marked growth of the nipples with development of mam- 
mary tissue after a total dose of 0^ mg. of hexoestrol has been injected subcutaneously 
every other day for 20 days (Dodds, 1939) In the expenments desenbed here, light- 
coloured or white guinea-pigs weighing 300-200 gm were clipped around the nipples, and 
were then anaesthetized with ether and photographed under constant conditions The nght 
nipple was held lightly restmg on a fixed and ngid millimetre scale, with white divisions on 
a black background The source of light was constant, and the same aperture and the 
same exposure were used each time These photographs were all enlarged 7 times, and 
the length of the nipple and the diameter through the centre of its length were measured 
by companson with the photographed scale. The volume of the nipple was then calculated 
on the assumption that it was a cyhnder , the tapenng at the tip was roughly balanced by 
the broadness of the base The volume of the nipple was measured in this way before 
treatment and 14 days later, and the percentage increase in volume was calculated 

Hexoestrol was administered in solution in arachis oil, either by stomach tube or by 
inhalation of the spray of a Collison (1935) inhaler The spray was directed down a wide 
glass tube with a large bole in the side of it partly closed by a rubber diaphragm, through 
which the guinea pig g nose was poked The dose of hexoestrol inhaled by the guinea pigs 
was roughly estimated m the following way The output of the spray was 9 4 litres of air 
and 120 mg of oil per mmute, so that the concentration of the oil in the cloud breathed by 
the guinea-pig was about 12 8 mg /litre It was assumed that the guinea pigs, which 
weighed about 500 g , breathed 250 c c. of air or 3 mg of oil per mmute (Gaddum 1944) 


250 /‘B by 
mouth 


Estimated 
60 /<g by 
inhalation 


Fig 1 — Nipples of guinea pigs before and after a single dose of hexoestrol iti arachis oil 

Scale mm and 0 5 mm 
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The dysc of hexoestrol was then calculated from the known concentrahcm of the drug m 
the oil and the duration of the exposure. The assmnptions mvolved make these estimates 
of the dose unreliable A small amount of hexoestrol was deposited on the walls of the 
apparatus and the actual dose inhaled was probably less than the estimate, but it seems 
likely that it was more than 50 per cent of the cstunate. 


Results 

Guinea-pigs — ^In two experiments the effect by the mouth was compared 
directly with the effect by mhalafron. Gumea-pigs which inhaled hexoestrol m 
the first experiment were not photographed mdividnally before the treatment, 

TABLE 

GUINEA-PIGS EFFECTS OF HEXOESTROL ON NIPPLE VOLUME 


Weight 

gm 

Approx 

dose 

MS- 


Normal nipples 

After 14 days 

% 

znc 

Remarks 

Length 

mm. 






Experim 

ENT I 

1 


HH 

■■ll 

■m 

■■■■■ 




By mouth usmg 

0 1% and 0 01% solution in Arachis OiL 





570 

50 

— 

I 7 

la 

I 92 

Z9 

1 6 

58 

202 


710 

100 

— 

18 

1 1 

1 69 

34 

I 6 

68 

243 


520 

250 

— 

1 5 

la 

1 70 

33 

1 8 

84 

390 


600 

500 

— 

1 7 

1 1 

I 60 

40 

1 7 

90 

460 


550 

750 

— 

2,2 

la 

2.49 

48 


15 0 



660 

1000 

— 

1 7 

1 0 

1J4 

40 

15 

113 

735 


By inhalation usmg 1% solution in Arachi 

sOil 






355 

30 

1 




3 I 

34 

14 

610 


305 










— Died 6 days 

305 

60 

2 



1 92 

43 

35 

21 

1000 


400 





(Mean 

39 

38 

24 

1150 


390 

120 

4 



of 26) 

33 

20 

104 

440 


330 






40 

32 

153 

690 


Experiment 2 










By mouth using a 0 001 

solution in Arachis Oil 






520 

2,5 

— 

1 8 

10 

134 

I 8 

10 

134 

0 


650 


— 

Z6 

IJ 

34 

23 

13 

38 

-18 


550 

5 

— 

Z4 

1 2 

Z1 

Z4 

1 1 

235 

-17 


500 


— 

17 

1 0 

133 

— 





— Died 5 davs 

620 

10 

— 

2,2 

1 1 

2 1 

23 

13 

35 

19 


530 


— 

20 

1 1 

1 9 

2 1 

1 1 

30 

53 


600 

25 

— 

20 

1 1 

1 9 

23 

13 

36 

37 


600 


— 

20 

1 1 

1 9 

2,1 

13 

338 

25 


700 

40 

— 

2,5 

1 5 

44 






— Died 1 1 davs 

520 


— 

19 

05 

13 

1 9 

1 1 

U 

50 


B\ inhalation using a 0 1 

% solution in Arachis Oil 







0 

0 

1 7 

la 

1 9 

1 7 

1 1 

1 6 

-16 





Z2 

ij 

35 

— 




—Die 

d 16 days 


3 

I 

2.0 

14 

3 1 

23 

1 4 

3 38 

11 





2a 

14 

34 

23 

14 

3 85 

13 



6 

2 

1 8 

1 0 

1 4 

Z8 

1 4 

4 15 

195 





1 9 

IJ 

25 

Z1 

1 6 

43 

63 



12 

4 

2,2 

I 2 

23 

40 

13 

10 1 

300 





1 4 

05 


Z5 

13 

44 

250 

Died 


24 

8 

1,2 

09 

075 

_ 



31 days 




1,5 

IJ 

158 

34 

16 

48 

143 
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and the percentage increase m -volume -was calculated by comparing the volumes 
after treatment with the average volume of 26 normal nipples, belonging to 
gumea-pigs of about the same weight With this exception the volume of each 
nipple was estunated before and after treatment The results of these experiments 
are shown m the Table and Figures 



Fig 2 — Effects of hexocstrol given to gviinea-pigs by inhalation (circles) and by the mouth 
(sc^uares) Loganthmic scales Honzontally, the estimated dose m microgranis per 
animal Vertically, the percentage increase of the volume of the nipples after 14 days 

The deaths recorded m the table were probably not due to hexoestrol 
Deaths occurred, among normal gumea-pigs m the stock, rather frequently 
during this penod The figures are erratic owing to the normal -vanation between 
guinea-pigs and the smallness of the numbers used, but they suffice to show 
approximately the threshold doses for a smgle dose by the two methods of 
administration Hexoestrol m oil was 5-10 times as effective by inhalation as 
It was by the mouth 

Man — A senes of 7 male observers were given sm^e doses of 15-50 mg of 
stilboestrol by mouth without any effect on the mpples or breasts at all Some 
of these men, consisting of professors, doctors, and laboratory assistants, noticed 
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loss of appetite, slight headache, and malaise One doctor took 55 mg m 4 days 
without any effect at all on the nipples A laboratory assistant swallowed 5 mg. 
a day for 17 days He noticed some mdigestion and an empty feelmg m the 
epigastnum, and at the end of this time he said that he was consaous of his 
mpples bemg rather sensitive and he felt the pressure of his pyjamas on them. 
On examination the areola were bnght pmk and there was shght enlargement 
of the mpples, but there was no thickemng of the breast tissue beneath. He 
then stopped takmg tablets, as he felt a httle anxious 

Discussion 

The experiments on gumea-pigs show that hexoestrol m arachis oil is very 
effective by mhalation The effect shown m Fig 1 was due to exposure for only 
2 mm altogether to a concentration of hexoestrol estimated as 128 mg. per cubic 
metre The curves shown m Fig 2 suggest that the dose for a given effect by 
inhalation is only about 1 / 5th of the dose for the same effect by oral adminis- 
tration If the conclusions given above about the error of the estimate of the 
amount inhaled are true, then the dose by mhalation hes between l/5th and 
1/lOth of the dose by oral administration It is possible that the large effects 
observed after inhalation were due to the formation of a depot of arachis oil m 
the lungs from which the hexoestrol was slowly absorbed 

The mpples of man appear to be less sensitive than those of the gumea-pig 
when hexoestrol is taken by the mouth and when doses are calculated m mg per 
kg Thus a dose of 0 25 mg or 0 5 mg per kg , given by the mouth to a male 
guinea-pig, increased the volume of the mpple five tunes The length of the 
nipple was more than doubled and the general effect was definite, but not 
maximal On the other hand, a dose of 50 mg , or nearly 1 mg per kg , had no 
observed action on man The drug is probably more effective when given m 
repeated small doses, but it is apparent from Dunn’s experiment and from those 
recorded here that 5 mg per day is only effective if contmued for several weeks 

There is no quantitative information available about the effects of inhalation 
by man, and calculations about this must be based on mdirect evidence A dose 
of 5 mg of hexoestrol per day by the mouth is hkel} to lead to troublesome 
effects if continued Judgmg by the experiments with gumea-pigs, this would be 
equivalent to between 0 5 and I mg per day by mhalation If a man inhales 
15 litres pier minute, he will inhale 7 2 cujn in a workmg day of 8 hours It 
would therefore be expiected that a concentration of OJ-1 mg m 72 cum, or 
0 07-0 14 mg j>er cujn , would be harmful after several weeks if exposure were 
continuous for 8 hours a dav Fitzsunraons (1944) observed a concentration of 
0 2 mg of stilboestrol in 300 cu ft , or 0 023 mg per cu m , on one occasion m 
the Glaxo laboratorv Our calculations suggest that such concentrations of 
hexoestrol would not be immediatelv harmful but are near the dangerous lim it 
if maintamed for several weeks 
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Fitzsimmons found that the vagmal smears of ovanectoroized mice became 
positive when they were kept for 3 days m vanous parts of the factory where 
stilboestrol was bemg prepared, even when careful precautions were taken to 
prevent the dispersal of the oestrogen m the air An alternative biological test 
IS now avaflable If male guinea-pigs were kept m factories where synthetic 
oestrogens are made, their mpples could be mspected, and if necessary measured, 
at regular mtervals and so used as an index of danger This would be simpler 
than the vagmal smear techmque, though presumably less sensitive It is prob- 
able, however, that the smear test is too sensitive and becomes positive when 
there is no danger There is reason to beheve that the gumea-pig’s mpple will 
provide an mdicator of oestrogens m the air which is sensitive enou^ for practi- 
cal purposes The gumea-pig is more sensitive than man to hexoestrol as 3 udged 
by the oral dose per kg of body weight , he mhales more an, and thus more 
oestrogen, per kg of body weight and is thus likely to be relatively even more 
sensitive to clouds than to oral admmistration If a man and a gumea-pig were 
exposed daily to clouds of oestrogen together, the gumea-pig should therefore 
be affected first and give adequate wammg to the man 

The results also suggest a method for the therapeutic adnumstration of 
oestrogens They have been given by ingestion, mjection, munction, and implan- 
tation They might also be given by inhalation, but it would probably be 
difficult to control the dosage and there would be no obvious compensating 
advantages m this method of admmistration 

Summary 

1 A solution of hexoestrol m arachis oil was admmistered to male gumea- 
pigs and the effect on the mpples was photographed and measured 

2 A given dose had more effect when given by inhalation than when given 
by the mouth 

3 It IS suggested that male gumea-pigs should be kept m places where ^- 
thetic oestrogens are made, to give wammg of any failure of the measures taken 
to protect the workers from the effects of the oestrogens 

We arc indebted to the Chief Saenufic OTBcer, Ministry of Supply, for permission to 
publish this paper 
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The introduction of an a-pyndyl residue into the molecule of sulphanilamide 
by Ewins and Philhps (1937) was a major advance m the development of 
sulphanilamide therapy, smce not only was there produced a marked unprove- 
mcnt m mtnnsic antibactenal activity, but the new substance, sulpbapyndme. 
was the starting pomt for an extensive research on the preparation of sulphanil- 
anude drugs denved from other heterocychc systems The pymnidme nng 
system has been particularly fruitful and at least three drugs denved from this 
nucleus are m common use sulphadiazme, sulphamerazmc, and sulphameza- 
thine They are characterized by antibacterial activity of a high order agamst 
a wide range of organisms, by rapid and effinent absorption from the gastro- 
mtestmal tract, and by a degree of persistence m the blood which provides 
economy m use The work of Bell and Robhn (1942) suggests that the discovery 
of sulphanilamide drugs possessmg a higher mtnnsic antibacterial activity than 
that exhibited by the sulphapynmidme group is becommg more remote Any 
unprovement m sulphanilamide therapy must therefore anse from research 
devoted to the production of drugs exhibitmg reduced toxicity and enhanced 
persistence m the blood We have mterested ourselves for some tune particu- 
larly m the latter aspect, and have found this property to be outstandmg m 
sulphanilamides denved from 2-animo-4 6-dialkoxypynmidmes A senes of 
such compounds has been prepared (Rose and Tuey, 1946) and we propose to 
publish ra due course detailed pharmacological and bactenological findmgs 
on these substances as a class This memoir is concerned with the parent 
compound 2-p-ammoben2enesulphonamido-4 6-dimethoxypynmidme (sulphadi- 
methoxypynmidme), which is the most effective of the many homologues which 
ha\e been examined 


OMe 

SsOjNh/ N 


OMe 

WhQe this paper was m preparation our attention was drawn to the researches 
of ^an Dyke, Tupikoia, Chow, and Walker (1945), who, m the course of an 
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extensive study of sulphapyrunidines, have examined some of the 4 6-dialkojy 
denvatwcs with which we have befen concerned In the mam, these authors 
confinn our findin gs 

We describe the pharmacology and m vitro antibacterial properties of sulpha- 
dimethoxypyr imidme. the combmation of these factors in therapeutic activity, the 
toxicity and the physico-chemical properties A note on the unusual properties 
of the acetyl denvative of sulphadunethoxypynmidme is mduded. 

The clinical activity and pharmacology of the drug are now bemg mvesti- 
gated at Crumpsall Hospital, Manchester, and will be reported later by the 
workers concerned- 


Pbarmacolocv 

The blood concentrations attamed by sulphadimethoxypynmidine have been 
exammed m the mouse, rat, rabbit, dog, duck, sheep and calf For data on the 
last two species we are mdebted to Mr J Francis, of our Veterinary Research 
Laboratories 

fn the mouse — AbsorpUcn wa* exanuaed by the standard technique already described 
(Rose and Spinks, 1946) Three mice received 250 mg. /kg. by stomach tube as a 1 g / 
100 mL sotuboQ of the sodium salt, and the drug was estimated at intervals in pooled tail 
blood by the method of Rose and Sevan (1944) In a senes of 14 analyses of 0 05 ml 
samples of blood containing 2 to 20 ing-/100 ml, the mean recoveiy was 98-5 per cent 
± standard deviation 655 per cent, bnnt of error for a probability level of 0 05, ±400 
per cent 

The single experiment was repeated 22 tunes, so that 66 animnls contributed to the 
mean results (Table I), in Fig. 1 the mean absoipbon curve is compared with that of 
sulpbamerazme 


TABLE 1 

BLOOD CONCENTRATIONS OF SumMDlWETHOXyryRIMnMNB 

250 ing./kg. in groups of 3 mice 


Route of 


Mean blood concentrations in mg /lOO ml after 


admmistrabon 

20 mm 

40 min 

1 hr 

1.5 hr 



5 hr 

7hr 

24 hr 

Oral 

(22 expts ) 
latrapentaneal 
(13 expts ) 
Subcutaneous 
(6 expts) 

116 

12 7 

13.2 

141 j 

[ 13 8 1 

JjKjM 



94 

17 7 j 

2U 

21 1 

20.2 

1 1 


EB 


94 

141 j 

191 

18 8 

' 19S 


m 

1 

1 

77 


In an earher paper (Rose and Spinks, 1946) the expression C7, which is the 
tune required for the blood concentration to fall from that attamed 7 hours after 
dosmg to two-thirds of this figure, was suggested as a convenient means of 
definmg the rate of disappearance of a sulphonaimde from the blood- Sulpha- 
dimethoxypynmidme is clearly more persistent than sulpbamerazme, the values 
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of C7 taken from the mean curves being 16^ and 7 3 hours respectively By 
obtaming the characteristic values from mdividual curves (Rose and Spmks, 1946) 
and submittmg the results to statistical analysis, the difference is readffy shown 
to be decisive (P<0 01) Sulphadnnethoxypynmidme is thus 22 times as per- 
sistent as sulphamera 2 me m mice, the term persistence bcmg taken to mean the 
retention of free drug m the blood. The new drug reaches feiirly high concentra- 
tions, the mean of the maximum concentrations from mdividual curves is 
153 ±1.25 mg / 100 ml, which is higher than the correspondmg figure for 



Fio I — ^Blood concentrations m mice of sulphadiinethoxypynmidine 
(A) and'sulphamerazine (B), following the administration of 250 
mg /kg. orally 

sulphanflamide, sulphapyndme, or sulphathiazole, although lower than that for 
sulphamezathme, sulphamerazme, or sulphadiazme Sulphadnnethoxypynmidme 
IS rather slowly absorbed, the time at which the maximum blood concentration 
IS attamed, taken from the mean curve, bemg 220 mmutes Using the method of 
statistical analysis already described (Rose and Spmks, 1946), the drug can be 
shown to be significantly more slowly absorbed than any of the other three 
sulphapynmidmes. 

The blood concentrations attamed by the drug following mtrapentoneal and 
subcutaneous administraUon of 250 mg /kg. to mice are shown m Table I From 
these It must be concluded that the drug is more rapidly and more completely 
absorbed by these routes than when given orally Persistence m the blood is 
agam marked, indeed there is no significant difference m this respect between 
the mtrapentoneal and oral routes. The mean maximum blood concentration 



152 


y C GAGE AND OTHERS 


of individual intrapentoneal curves (207 mg / 100 ml) is decisively higher than 
that of mdividual oral curves (15 3 mg / 1 00 ml), and the difference between the 
mean tunes of attammg these maxunum values is also decisive Owmg to the 
difiSculty of drawmg some of the mdividual subcutaneous curves, no statistical 
comparison has been attempted m this case 

SulphadunethoxypjTunjdine can be detected in the blood of mice for several days after 
the administration of a smgle oral dose of 250 mg. /kg. Blood concentrations recorded m 
a typical experiment with three mice were 


Tune (hr ) 

1 

2 

22 

27 

42 

46 

1 

66 1 

1 

71 

73 

89 

139 

mg./100 ml 

13 2 

13 85 

13 4 

50 

53 

40 

4.2 

1.2 

0*25 

014 


The maintenance of high concentrations for so extended a time suggested that repeated 
dosmg might have a cumulative effect, giving dangerously high concentrations This possi- 
bility was examined by admmistenng two oral doses of 250 mg /kg at an mterval of 



ifter 


Fio 2. — Blood concentrations of sulphadimethoxypynmidme following 
the administration to mice of two oral doses of 250 mg./kg at an 
interval of 24 hours 

24 hours to a group of three mice and cstimatmg the concentrauon of free drug in the 
blood at smtablc mtervals after each dose The expenraent was repeated ten times, with 
the results shown m Fig 2. Clearly there is no marked nse m maximum blood level on 
such repeated dosmg This has been confirmed by statistical treatment, which shows that 
there is no significant difference between the mean maximum concentrations, but there are 
decisive differences between the mean tunes at which these maxima were attamed and 
between the respective rates of disappearance of the drug from the blood stream We 
have no explanauon to offer for the greater rapidity with which the second dose is absorbed 
but It may be that this phenomenon is associated m some way with the lower persistence 
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Tissue concentrations m mice have been estimated following the usual dose of 
250 mg /kg^ three mice bemg used for each point recorded in Table IL In Table HI the 
correspondmg values for sulphamezathine arc given for comparison , these have not been 
previously recorded With both drugs, the concentrations m tissues approximated to those 
m blood m magmtude and persistence Figures showmg tissue distnbuhon m the 
nephrectomized cat are given m the foUowmg section 


TABLE n 

TISSUE CONCENTRATIONS OF SULPHADIMErHOXyFyRIMIDINE 

250 mg /kg orally m groups of 3 mice 


Concentrations in mg./100 g of wet tissue after 


Tissue 

30 mm. 

2hrs 



19 hrs 

31 hrs 

48 hrs 

72 hrs 

96 hrs 

Lung 

14 5 

16 9 

19 6 

17 6 

16 3 

101 

X6 

38 

XI 

Liver 

151 

13 6 

12 9 

15 0 

14 6 

40 

Z7 

2.5 

I I 

Kidney 

141 

1X9 

12:1 

79 

89 

67 

X7 

26 

05 

Spleen 


68 

95 

95 

10 8 

55 

1 6 

05 

06 

Fat 


98 


j 

i 






The unnary excretion of the drug m the mouse has been exammed m two groups of 
three animals Following the admmistration of 250 mg /kg orally, 46 and 32 per cent of 
the admuustered drug was excreted over three days m the two groups, and of these amounts 
39 and 44 per cent respectively were acetylated These results confirm the conclusion 
drawn from estimations of blood concentration after mtrapentoneal mjection, namely, that 
the drug is poorly absorbed m the mouse. The observation that, although much more 
persistent than sulphamezathme or sulphamerazme, sulphadimethoxypynmidme gives lower 
blood concentrations than either of these compounds, can be explamed on the same basis 
Experiments to detenmne the extent of conjugation of the new drug m the blood stream 
of the mouse arc descnbed below m the section deahng with acctylsulphadimethoxy- 
pynmidine 


TABLE in 

TISSUE CONCENTRATIONS OF SULPHAMEZATHINE 

250 ing./kg orally m groups of 3 mice 


Concentrations m mg./100 g. of wet tissue after 


Tissue 



30 mm. 

2hrs 

4 hrs 

7 hrs 

24 hrs 

Lung 

21 8 

17 1 

1X3 

65 

23 

Liver 

18 0 

18 8 

10 7 

3 1 

30 

Kidney 

19 9 

208 

17 3 

13.2 

1 6 

Spleen 

14 8 

n 1 

63 

4.2 

1 4 

Fat 

107 

66 

71 

53 

13 


In species other than the mouse — The blood concentration time curves presented 
have m each case been chosen as typical from at least three available m the paiUcular 
species The drug was given orally as a solution of the sodium salt m the following 
amounts dog, calf, sheep, 100 mg /kg. . rabbit, 150 mg./kg , rat, chick, 200 mg./kg. The 
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resultant blood concentrations are given in Figs 3 and 4 In the rabbit, the imnary excre- 
tion of the drug has been measured, and the amounts appearing as free amine and in 
conjugated form estimated (Table TV) Rabbit A, which received 150 mg./kg. of the drug, 
excreted approxunately 80 per cent m the urme, of which some 47 per cent was conjugated. 



Fig 4 — ^Blood concentrations of sulphadimethoxypynmidine following 
the oral administration of 100 nig./kg to sh^ (A), calf (B) and 
dog(Q 
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TABIX IV 

EXCSEnON OF FREE AW) CONJUGATED SULPHADJMETHOXyPYRBnDINE IN THE URINE OF 

TWO RABBITS 


Rabbit A (1^ kg., dose 180 mg.) 


Rabbit B (2,17 kg., dose 217 mg ) 


Day 

Free drug 

Total drug 

Day 

Free drug 

Total 

drug 

mg 

%of 

dose 

mg 

%of 

dose 

mg. 

%of 

dose 

mg. 

%of 

dose 

1 

62,7 

348 

120 3 

66 8 

1 

35 5 

16 3 

1349 

621 

2 

57 

3.2 

13 8 

77 

2 

54 

25 

14 8 

68 

3 

58 

3.2 

64 

36 

3 

76 

33 

13 7 

63 

4+5 

31 

17 

53 

33 

4 + 5 

22 

10 

43 

13 

Total 

713 

42.9 

146 4 

814 

Total 

507 

233 

167 7 

773 


The proportion of total drug excreted by rabbit B, which was given a smaller dose of 
100 mg./kg., was similar, but the percentage conjugated was much higher (70 per cent) 
Despite the high recovery, mdicative of effiaent absorption from the gastro-mtestinal tract, 
the maximum blood concentrations attamed m the rabbit were appreciably lower than those 
reached m the rat and mouse although a similarly high degree of persistence was observed. 
The expression C7, obtained from Fig. 3, had a value of 14 hours for the rabbit, as against 
17 hours for the rat and 163 hoars for the mouse In the sheep, calf, and chick the drug 
Was slowly absorbed but persisted well, particularly m the last two Absorption was poor 
m the dog and removal from the blood stream rapid (C7 =2 hours) Conjugation m rabbit 
and sheep is desenbed m the section dealing with acctybulphadunethoxypynmidme. 

The tissue distnbuhon of the drug m nephrectomized cats has been estimated usmg 
the techmque of Fisher, Troast, Waterhouse, and Shannon (1943) The results recorded m 
Table V are the means of three experiments and show the tissue /plasma ratio , they are 
compared with the figures obtamed by Fisher el al for snlphamerazmc and sulphadiazme 


TABLE V 

DISnUBtmON OF SULPHADIMETHOXYPYRIMIDINE IN THE BILATERALLY NEPHRECTOMIZED CAT 


Drug 


Tissue/plasma concentration ratios 


Vol of distn- 
bution(as% of 
body weight) 

CSF 

Bram 

0^3 

Limg- 

Liver 

Pancreas 

Muscle 

1 

Sulphadimethoxy- 

pynmidme 

033 

033 

012 

040 

068 

035 

19 

39 

Sulphamerazlne* 

038 


0 45 

036 

0 76 

0 47 


453 

Sulphamezathmc* 

0 31 


033 

060 

0 63 

i 

044 

m 

823 


*Data of Fisher et a] (1943) 

It will be seen that sulphadimethoxypynmidme diffuses rather less mto most tissues 
than the other sulphapynmidmes, and markedly less mto the red blood cells , this may 
possibly be connected with the high protem bmdmg of the drug (\ide infra) 


Antibacterial action in vitro 

Comparisons of the antibactenal activities of sulphadimethoxypynmidme, sulpha- 
mezathme and sulphadiazme were made by the method of Harper and Cawston 
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(1945) The medium used was Wnght’s broth contammg 10 per cent (v/v) of lysed horse 
blood Serial two-fold dilutions of the various sulphonamides m this medium were placed 
in 3 m Xl m tubes m 0^ ml amounts, and 0 5 ml of a 0 2x 10^ diluuon m plam broth of 
a 24-hour culture of Streptococcus pyogenes Kruger stram, was added to each tube (This 
moculum gave a count of approximately 5x10* colomes per ml on blood agar) The final 


TABLE VI 

COMPAHATIVE ANnBACTERIAL ACTrvmES RESULTS OF 48-HOUR PLATINO ON BLOOD-AGAR 

Orgamsm Streptococcus pyogenes 


Sulphonarmde 

Concentration — one part m ' 

Control 

40,000 

80,000 

160,000 

320,000 

Sulpha dimethoxypynmidme 

— ' 

1 

+ 

-t- 


Sulphamezathme 

— 1 

i 1 

1 + 

+ 

-f 

Sulphadiazme 

1 

1 

1 ^ 

-h 

1 


medium thus contained 5 per cent of lysed horse blood and the concentraUon of the 
sulphonamides ranged from 1 40,000 to 1 320,000 All tubes were mcubated at 37° C. 

for 4? hours One loopful from each tube was removed and plated upon blood-agar 
The end points were qmtc sharp and were recorded as — (no growth), d: (partial growth), 
and + (growth equal to control) The results are shown m Table VI It will be seen that 
sulpbadlmethoxypynmidme was mtermediate m activity between the other two compounds 

Acute toxiaty 

When a suspension of sulphadimethoxypyiimidme was given orally to a group of 
6 mice at the rate of 10 g-/kg none died The Intravenous mjection of solutions of the 
sodium salts of sulphamezathme and of sulphadimetboxypynmidme gave the results shown 
m Table VH, which is a summary of two expenments All doses were contamed in a 
volume of 0^ ml , and each mjechon took 1 mm to complete. 


TABLE vn 


THE TOXICITY OF SUtPHAMEZATHINE AND SULPHADIMETHOXYPYRnnDlNE BY INTRAVENOUS 
DUECnON OF THEIR SODIUM SALTS 

Sixteen mice m each group All mice observed for S days 


Dose 


10g./kg 


09 

08 

07 

06 

05 


tt tt 
»» W 
II II 


II II 


Sulphamezathme 


16 died 

i6 „ 

13 .. 

2 „ 

2 

0 „ 


Sulphadunethoxy- 

pynmidme 


16 died 
13 „ 
12 „ 
10 „ 

4 ,. 

0 .. 


Chronic toxicity 

Two sepamte experiments were earned out m which sulphadunethoxypynmidme was 
administered as an aqueous dispersion once a day to rats for 28 days, at the rate of 1 g. 
per kg. body weight per day The total number of rats m the two experiments was 54 
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At the end of the penod of adnunistration of the drug the average final body weight 
of the treated animals was 130 per cent of their initial weight (from 110 g to 143 g), whilst 
the correspondmg figure for equal-sized groups of matched control rats was 150 per cent. 

Thirteen of the treated animals died dunng the penod of treatment, or were killed 
because they were losmg weight and were obviously ill, usually about 14 days from the 
start of the experiment In several of these rats death was undoubtedly hastened by septic 
broncho-pneumoma brought on by maladnunistration of the doses of drug, but there were 
other deaths among rats whose lungs appeared normal In the majonty of the latter death 
could be ascnbed to severe central necrosis of the liver lobules, sometimes affecting the 
whole lobule It should be noted that the livers of 36 of the rats showed no abnormalities 
Anaemia was very marked m many of the survivors, 5 of them giving readmgs of 29-46 per 
cent haemoglobm by the Sahh method The spleens of many of the animals showed evidence 
of mcreased destruction of red blood corpuscles 

Although damage to the kidneys had been expected on account of the low solubility 
of this compound, such damage was seen m only 7 of the 54 animals examined In only 
one of these was it severe, consisUng of massive destruction of many convoluted tubules, 
amounting often to complete dismtegration of the cell, with loss of nuclear stainmg and 
desquamation of the cells mto the lumen of the tubule 

Therapeutic activity 

Therapeutic experiments were earned out m mice mfected with cither Streptococcus 
pyogenes Kruger stram (Group A), Streptococcus pneumoniae Type I, or Staphylococcus 
aureus The first two organisms were given mtrapentoneally and the thud mtravcnously 
AU drugs were admmistered by mouth as aqueous solutions or dispersions, the desired dose 


TABUE Vm 

THERAPEunc liESULTS IN GROUPS OF 12 saCE iNFECTnJ WITH Streptococcus pyogenes. 
Streptococcus pneumoniae or Staphylococcus aureus 

Oral doses of 100 mg /kg twice daily for 3 days 



Streptococcus 

pyogenes 

Streptococcus 

pnewnomae 

Staphylococcus 

aureus 

Drug 

No of 
i deaths m 

7 days 

Mean sur- 
vival time 
m days 
(max 7) 

No of 

1 deaths m 

1 7 days 

Mean sur- 
vival time 
m days 
(max 7) 

No of 
deaths m 
14 days 

Mean sur- 
vival tune 
m days 
(max 14) 

None (controls) 

12 

08 

12 

08 

12 

1 6 

Sulphanilamide 

12 

10 

12 

1.2 

10 

50 

Sulphapyndme 

11 

17 

12 

2.8 

9 

61 

Sulpha thiazole 

12 

10 

12 

2.1 

8 

13. 

Sulphamezathme 

12 

2.3 

10 

36 

5 

94 

Sulphadiaxine 

11 

38 

12 

43 

4 

11.2 

Sulphamerazme 

Sulphadimethoxy- 

12 

40 

] 



pynmidme 

11 

43 

8 ' 

56 : 

5 ! 

10 7 


Strmtococcus pyvgenes Infecting dose 0.2 ml of a 1 10* dilution of an 18-hour culture 
(freshly isolated from a mouse) in 5 per cent (v/v) blood-broth , given mtrapentoneally 
Streptococcus pneumoniae Infecting dose 0.2 mL of a 1 10* dilution of an 18-hour cul- 
ture (fttshly isolated from a mouse) m 5 per cent (v/v) blood-broth, given mtrapen- 
toneally 

Sttmhy hcoccus aureus Infecting dosc0.2mlofal 2dilutionofa plam broth culture 
18 houn old, given mtravcnously 

F 
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bemg contained in a volume of 0 5 ml The drugs 'were administered shortly before the 
infecUon and further doses were given 7, 24, 31, 48, 55, 72, and 79 hours after the mfection 
The dose chosen for all the drugs m the first experiment (100 mg./kg) was selected because 
experience had shown that, with streptococcal and pneumococcal infections, it pemutted 
the various compounds to be ranged in order of activity on the basis of mean survival times 
Table VIII summarizes the results of these experiments 

Taking all the experiments together, it will be seen that the increasmg order 
of effectiveness of these compounds is approximately that in which they are 
arranged m the table 

In order to simulate more closely the conditions under which these drugs are 
used m chmcal practice, another experiment was earned out m which infection 
of the mice preceded drug treatment by seven hours , m this experiment the mice 
were infected mtrapentoneally with streptococci The results are shown in 
Table DC 

The results of this experiment range the drugs m substantially the same order 
as before In both experiments sulphadimethoxypynmidine compares very 
favourably with any of the other drugs 

TABLE DC 

THERAPEUTIC RESULTS IN GROUPS OF 12 MICE INFECTED WITH Streptococcus pyogenes 

Infected at 10 a m and treated at 5 pjn. of the same day with 500 mg dnig/kg No 

further doses given 


Drug 

No of deaths m group ^ 

Mean survival tune m days 
(maximum 7) 

None (controls) 

12 

08 

Snlphmulamide 

12 

08 

Sulphapyndme 

12 

1 5 

Sulphathi azole 

12 

10 

Sulphamezatiune 

12 

1 5 

Sulphadiazine 

12 

2.3 

Sulphameiazme 

12 

2.5 

Sulphadunethoxypynrmdme 

12 

28 


The infecting dose was 0 2 ml of a 1 10* diluUon of a culture of Streptococcus pyogenes 
prepared as m Table Vm 


Acetylsulphadimethoxypynnudine 

Estimation and occurrence — ^As indicated above, sulphadimethoxypynnudine appeared 
m a conjugated form m the unne of experimental animals Smee hydrolysis gave a diazobz- 
able amine, the conjugated product was assumed to be the acetyl denvaUve and all 
estimations were made agamst this compound as standard The method of Rose and Bevan 
(1944) proved satisfactory for the estimation of acetylsulphadimethoxypynmidinc m unne, 
but it yielded low recovenes when known amounts of the compound were added to blood 
and tissue homogenisates Variable recovenes of the order of 60 per cent were obtained 
from human blood and 30 per cent or less from mouse tissues The recovery from blood 
was mcreased to 70 per cent by hydrolysis of the conjugated drug m whole blood before 
the preapitaUon of protems This could not be regarded as satisfactory, and further work 








SULPHADiMETHOXYPYRIMIDINE 159 

showed that adequate recovenes were obtained from blood and tissue by dfluting to 1 ^50 
before preapitatmg protein A suitable aliquot was then taken, hydrolysed with dflute 
hydrochlonc and, diazotized and coupled with N-/5-sulphatoethyl-/n-tolnidine. A coupling 
tune of 30 m'" was required , this is greater than that of the parent compound and probably 
indicates breakdown of the pyrmudme nng (cf. Fruk, 1943). 

Estimahons of &ee and total drug m the blood of mice receiving 250 mg. of sulpha- 
dunethoxypyiimidme/kg. orally, mdicated the presence of traces only of conjugated amme. 
In the rabbit, on the other hand, high concentrations of conjugated drug were reached 
(Fig 5) Similar results were obtained in the sheep, it bemg clear m both speaes that the 
acetyl denvatrve is similar m persistence to the free drug. 



Fio 5 — ^Blood concentrations of free (A), total (B), and conjugated 
(C, by difference) snlphadnnelhoxypynmidme m the rabbit 
ibllowmg the oral admuustiation of 250 mg./kg orally 


The administration of acetylsulphadimethoxypynmidme was exammed in the mouse. 
Four groups of three imce received 250 mg. /kg orally as a I per cent solution of the sodium 
salt The mean blood concentiaaon-time curves of &ec and total drug are shown m Fig. 6 
That the observed hydrolysis of the acetyl derivative proceeds systemically and not m the 
lumen of the gut was readily shown by administering it intrapentoneally, when curves very 
sunDar to those of Fig 6 were obtamed This facile hydrolysis of acetylsulphadimetboxy- 
pj'nmidine undoubtedly accounts for its high activity, observed m the therapeutic expen- 
ments described below In experiments with acctylsulphanilamide we found only traces of 
free drug m the blood followmg its administration m doses of 250 mg./kg., a result m 
agreement with its mactivity m therapeutic tests. 

Therapeutic acting — Only activity against Streptococcus pyogenes m imce has been 
examined m this instance, the infecting moculum being similar to that used m the expen- 
ments recorded m Table VIII The dosage regime was shghtly altered m that amounts 
of 250 rag /kg. mouse (as against 100 mg./kg. mouse of the free amine) were given twice 
daily for three days, begmnmg shortly before mfection Acetyl derivatives of other sulphon- 
amide drugs were mcluded for comjianson Two senes of experiments were made m one 
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Fio 6 — Blood concentrations of free (A) and total (B) sulphadimethoxy- 
pynmidme following the oral adnu^tration m mice of 250 mg. of 
the acetyl denvative/kg 


Ihc drugs were administered by mouth, and in the other mtrapentoncally The average 
survival tunes are indicated in Table X Groups of d mice only were employed in each 
experiment 

Smee the order of relative effectiveness of the acetyl denvatives is the same by both 
routes of administration, it appears that m all cases they are largely absorbed as such, and 


TABLE X 

THERAPEUTIC RESULTS OBTAINED IN GROUPS OF 6 MICE INFECTED WITH Streptococcus pyogenes 

250 mg /kg, twice daily for 3 days 


Drug 

Oral ^ 

Intrapentoneal 

No of deaths 

Mean survival 



1 

m7 days 

time (max. 7) 



None (controls) 
AcetyMpharuiamide 

6 

(S 

08 

09 

1 6 

1 6 

08 

08 

Acetybulpbapyndine 

6 

OB 

' 6 

08 

Acetylsulphadiazme 

6 

1 1 

1 6 

I 0 

Acetylsulphathiazole 

4 

3.2 

6 

2J 

Acetylsulphamezathme 

6 

1 5 

1 6 

1 0 

Acetylsulphamcrazme 

Acetylsulphadimethoxy- 

6 

08 

I 

~ 

r„ 

pynmidme 

1 

4 


The infectmg dose was 0 2 ml of a 1 10* diluuon of a broth culture of Streptococcus pyogenes 
prepared as in Table VIII 











SULPHADIMETHOXYPYRIMIDINE 


161 


absorption is not preceded by extensive hydroljsis to the free amines in the gastro-iniestmal 
tract This accords with the view expressed above m the case of acctylsulphadimetboxy- 
pymiudine following direct estimation of blood concentrations of the free amine 

Physico-chemical properties 

Solubtbt} —The solubility determmaUons were made m water at 37° C. by the method 
of Rose, Martin, and Sevan (1943), increasmg pH by the addition of sodium hydroxide 
solution The concentration of 

drug m a sample withdrawn f ~ J J 

through a filter plug mto ^ If 

pipette was determmed colon- / / 

metncally With the acetyl ’ 11 

denvative, dc-acetylation was I I 

necessary before the colon- j j 

metnc estimation, which de- ■ j I 

pended upon a diazo reac- j [ 

don, could be made The solu- • f I 

bility curves so obtamed are ■ / / 

shown in Fig 7 In the pH Ito • / / 

range 6(1-7 0, the solubility of j / 

the free amine closely re- g IM ■ / / 

sembles that of sulphadiazine S / / 

(Rose, Martin, and Bevan, "5 too / / 

1943) , thereafter the curve ^ / / 

rises morfe steeply Acetyl- so // 

sulphadimethoxypynmidine dif- ^ 

fers from acetylsulphadiazme, <0 . yy 

however, in that it is less J 

soluble than the parent amme ^ y 

in the pH range 60-73, but j/ 

above the latter limit the acetyl 

derivative exhibits the greater ^ — 

solubility 0 ~7 ] ^ . . 

Tbe add dissociation con- 5-« sn ta 6.4 sj 7n 7a 74 7.< 7e «i 

slant — The acid dissociation fH 

constant has been measured by 7 — Solubility m water of sulphadimethoxy- 

potenuometnc titration of the pynmidme (A) and of the acetyl denvative (B) 

saturated aqueous solution and 


TABLE XI 

PROTEIN BINOINa OF SULPHADIXlETHOXyPYRIMIDINE 


Plasma or serum 


Percentage of drug bound to protem 


Ultrafiltraiion 


Dialysis 


Rat plasma 
Rat serum 
Human plasma 
Mouse plasma 
Cat plasma 
Sheep serum 
Rabbit serum 
Horse serum 
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the pK, value found to be 7 00 A solvent partition method gave the value 702. The 
pKo values for other sulphanilanude derivatives of pynmidine arc known — e.g., sulpha- 
diazine 6 48 , sulphamerarane 7 06 , sulphamezathine 7 37 (Bell and Robhn, 1942). 

Protein binding — ^The association of the drug with blood proteins has been estimated 
by the equihbnum dialysis method of Davis (1943) and by ultrafiltration through collodion 
Table XI shows the results obtained with various speaes 

It appears that sulphadimethoxypynmidme is among the more highly bound sulphon- 
anudes, though a precise companson is not possible, owmg to the wide variation m values 
quoted for other drugs m the htcrature. The results are of the same order as the figure 
of 78 per cent quoted by van Dyke et al (1945) for the same compound 


Summary and Conclusions 

1 The properties of 2-p-ammobenzenesulphonanudo-4 6-<iimethoxypyrnm- 
dme (sulphadimethoxypynmidme) are described, and mclude water solubflity 
data for the free amme and the acetyl denvative over a range of pH. 

2 The drug is relatively non-toxic m rmce and rats, rather more slowly 
absorbed than sulphadiazme. sulphamerazme, or sulphamezathme when given 
orally to mice, but markedly more persistent m the blood-stream than these three 
drugs Absorpbon data are given for other experimental animals 

3 A high percentage of the absorbed drug is excreted by the mouse m con- 
jugated form , but feedmg the acetyl denvative (or mjectmg mttapentoneally) 
gives nse, after a few hours, to a concentration of the free amme in the blood 
almost equal to that attamed by mitial administration m the latter form 

4 The antibacterial activity in vitro of the drug agamst Streptococcus 
pyogenes is mtermediate between that of sulphamezathme and sulphadiazme, 
but therapeutic activity agamst this organism in the mouse is, m general, at least 
equal to or shghtly better than that shown by any of the other sulphapymmdmc 
derivatives, m conformity with the high persistence of the drug 

5 Acetylsulphadimethoxypynmidme given orally or mtrapentoneally to 
infected mice exerts an appreciable therapeutic effect, greater than that shown 
by the acetyl denvatives of the several other heterocychc sulphonanudes examined 
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2-P-AMIN0BENZENESULPH0NAMID04 • 6- 
DIMETHOXYPYRIMIDINE 
ABSORPTION AND EXCRETION IN MAN 

BY 

H G L SEVAN 

WITH NOTES ON A CLINICAL TRIAL IN PNEUMONIA 

BY 

R W LUXTON 

From the Crumpsail Hospital, Manchester 
OLecdred Jtnnirr 1 19*7) 

The work of Gage, Martm, Rose, Spmks, and Tuey (1947) showed that a 
new sulphonamide, 2-p-aminobcnzenesulphonamido-4 6-dimethoxypyrunjdme 
or sulphadimethoxypynimdine, had an unusual persistence when administered 
orally to animals This fact, m conjunction with the observation that the anti- 
bacterial action m vifro and in vivo was of the same order as that of sulpha- 
diazme, suggested that the compound mcnted a clmical trial, which was earned 
out m the medical wards of Crumpsail Hospital, Manchester It was hoped that 
a sulphonamide which persisted m the blood for longer penods than other 
sulphonamides migh t be effective m the treatment of pneumonia m a smgle dose, 
or at most m doses once or twice daUy 

Methods 

Sulphadimethoxypynmidme was first administered to essentially normal patients, mostly 
convalescing from surgical and sVm conditions, m doses ranging from 0^ to 5 g. These 
patients were, at the time of testing, m fairly good general health and had no febrile condi- 
tion , except m one patient (receivmg 0 5 g ) renal function was normal Blood concentra- 
Uons and recoveries m the unne are illustrated m the Table and Fig. 1 Two patients only 
were used for each dose level The drug was also admmistcred to a senes of 80 patients, 
mostly suffering from pneumoma One or two of these patients had other conditions 
normally requinng sulphonamide therapy The results for 30 of these patients are shown 
m Figs 2j 3, and 4 , those obtamed from the rest of the patients were similar although 
several patients had not received the full course before they were transferred to other treat- 
ments, pemcillin or sulphamezatlune, on clmical grounds 

Blood and unne sulphonamide estiraations were made by the method of Rose and 
Sevan (1944) Twenty-four-hour collections of unne were made without preservative For 
the blood urea, protem, phosphatase, and bilinibm estimations the methods of Kmg (1946) 
slightly modified, were used. 
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Results 

Normal subjects showed a steady increase m maximum blood concentration 
and persistence with mcreasmg dosage (Table, Fig 1 ) The maximum was 



Fio I — Blood concentrations of sulphadtmethoxypynmidine following the 
adnunistratioD of single doses to nonnal subjects 


TABLE 

NORMAL PATIENTS MEAN BLOOD CONCENTRATIONS AND URINE RECOVERIES WITH SINGLE 
DOSES OF SULPHADIMETHOXYPyRIMIDINE 


All readings are means for two patients (5 0 g dose, one patient only) 


Dose 

g 

Mean blood concentrations of free and, m parentheses, conjugated 
drug in mg-ZlOO ml 

Total unne 
recoveries of 
free and, m 
parentheses, 
conjugated 
drug 

1 

hr 

2 

hrs 

3 

hrs 

6 

hrs 

12 

hrs 

24 

hrs 

2 

days 

3 

days 

4 

days 

5 

days 

mg 

Per 

cent 

ofdose 

05 

10 

1 5 

ZO 

40 

50 

1,25 

(01) 

1 4 
(0 1) 
04 
(0) 

1 85 
(0) 

1 15 
(0 25) 
33 
(0) 

2 05 
(0 05) 

2 15 
(015) 

1 85 
(105) 

3 15 
(0) 

4 05 
(01) 
50 
(0) 

Z45 
(0 2) 

2 65 
(0 05) 
35 
(10) 
42 
(0) 

60 
(0 25) 
69 
(0 3) 

1 7 
(0 05) 

2 65 
(0 25) 
42 
(0 95) 
5 85 
(0 5) 

8 75 

(0 65) 
71 
(01) 

1 75 
(125) 
3 1 
(0 2) 

5 65 
(0 7) 
5,2 
(0 6) 
10 05 
(0 45) 
88 
(0,2) 

12 
(0 55) 
30 
(0) 

5 05 
(0 85) 
44 
(0 35) 
8 45 
(0 6) 
87 
(0 3) 


Trace 
(16) 
29 
(0 2) 

1 2 
(0 25) 
4 55 
(0 45) 
47 
(0) 

205 
(0 35) 

0 

CTrace) 

3 65 
(005) 
30 
(0) 

19 

(0) 

2 85 
(OO) 

1 1 
(0 5) 

74 

(18) 

218 

(46) 

500 

(77) 

637 

(252) 

835 

(241) 

1202 

(415) 

14 8 
(3 6) 
21 8 
(53) 
33 3 
(4 4) 
31 8 
(1Z6) 
306 
(6 0) 
24 0 
(8 3) 













Sulphadlmethoxypyrlmldlne mg/100 ml 


SULPHADIMETHOXYPYRIMIDINE IN MAN 


— K Free 

i. S D of Fre 

t3 — B Conjugated 


Days after dosing 

Fig 2 — ^Blood concentrations of sulphadunethoxypynmidine following the 
administration of a smgle dose of 5 g to pneumoma patients. 


Fig 3 — Blood concentrations of sulphadimethoxyp>Timidme following 
the administration of an mitial dose of 5 g., and then 3 g., daily to 
pneumonia patients 
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attained at three hours after a dose of 0 5 g. but with higher dosage the 
maximum was a^ 12 hours After a smgle dose of 4 g a blood concentration of 
10 05 mg /lOO ml was attamed after 12 hours and 2 85 mg /lOO ml persisted 
five days after the dose , a similar dose of sulphamezathine gave a TTinTiTninn 
of 132 mg / 100 ml , falling to traces wilhm 24 hours For patients suffering 
from pneumoma a smgle dose of sulpbadimethoxypynmidine gave on the average 
lower maxima and less well sustamed blood concentrations (Fig 2)‘ The 
average maxunum attamed after 5 g was 8 86 mg /1 00 ml , and only traces 
were detected m the blood after four days, although 2 mg / 100 ml were still 
present after three days 

In patients treated with 5 g followed by 3 g every 24 hours, blood concen- 
trations were usually well mamtamed (Fig 3) In a few cases, however, the drug 
concentration did not reach a level of 8 mg / 1 00 ml , a concentration usually 
regarded as effective chemotherapeutically Patients with a low concentration 
of free drug usually showed a high percentage of acetylation, a frequent finding 
with other sulphonamidcs 

Smee climcal results were not completely satisfactory it was decided to try 
a dose of 5 g followed by 3 g every 12 hours (Fig 4) This dosage gave 



Days after first dose 

Pjo 4 — ^Blood concentrations of sulphadimethoxypynmidine foUowng the 
administration of an initial dose of 5 g, and then 3 g, at twelve-hourly 
intervals, to pneumonia patients 
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slightly higher blood concentrations All patients (except one who had only 
three doses) attained blood concentrations of over 8 mg /1 00 ml In nearly 
all pneumonia patients receivmg the drug, whether as smgle or repeated doses, 
free sulphadimethoxypynmidme was stdl present m appreciable quantities three 
days after the last dose In one patient with staphylococcal pneumonia and 
considerable renal damage (blood urea 100 to 150 mg / 1 00 ml), sulphonamide 
was stni present m measurable quantities 16 days after the last dose, though 
the blood urea had fallen shghtly 

Samples of cerebrospmal fluid were obtamed from two patients and contained 
sulphadimethoxypynmidme concentrations, m one case of 58 per cent, and m the 
other of 31 per cent, of the simultaneous blood concentration 

The blood concentration of sulphadnnethoxypynmidme reached a shghtly 
lower maximum than did sulphamezathme after similar doses, but this maximum 
was attamed later and high blood concentrations persisted for a very much 
longer penod There was a tendency for the concentrations reached m the 
controls to be higher than those attamed with similar doses of the drug m febrile 
patients Persistence of the blood concentrations after the last dose was 
defimtely less m the febrile patients 

The recovery of the drug m the urme was comparatively low The average 
recovery was 32 9 per cent, 26 6 per cent bemg free and 6 6 per cent conjugated 
in the normal patients, as compared with 86^ per cent for sulphamezathme 
(Qark et al , 1943), 68 per cent for sulphadiazme (Remhold et al , 1941) and 
57 3 per cent for sulfrfiapyndme (Long and Femstone, 1938) The percentage 
of the drug recovered as acetyl compound, both from blood and urme, was low 
These results must m part be mterpreted m the hght of the results of Gage et al 
(1947) who record only partial recovery of the drug after acid hydrolysis 

Crystals of the drug were seen m many of the urmes passed, but no renal 
symptoms were observed directly referable to the presence of the crystals In 
two patients with severe renal damage this damage could not be defimtely 
assigned to the effect of sulphadimethoxypynmidme The crystals took the 
form of Sl Andrew’s crosses and were shown chemicafiy to be free snlpha- 
dunethoxypynmidme When compared with the needle-shaped crystals often 
observed m the urme of patients receivmg other sulphonamides, sulpha- 
dunethoxypynmidme would not be expected to cause such extensive mechamcal 
injury to the renal structures Confirmatory evidence was prpvided by estimation 
of blood urea m 34 patients The blood urea was usually about 40 mg /lOO mL 
on admission and m most cases tended to fall as the pneumonic condition 
improied In no case was there a significant rise except m one woman dymg 
withm 48 hours of admission who was shown at autopsy to have severe chronic 
nephritis 

In chronic toxicity tests by Gage et al (1947) large doses of sulphadmiethoxy- 
pynmidme m rats gave nse to severe central necrosis of the hver lobules, and it 
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was thought advisable to perform some hver function tests Estimations of 
serum bihnibm, protein, and phosphatase were therefore made on nine patients 
There was no change m the concentrations of these substances such as would 
mdicate hver damage It is realized that this senes of tests would only show 
gross hver damage, and that mmor impairment of function might pass imnoticed 

Summary 

1 Sulphadimethoxypynmidme m man persists m the blood stream longer 
than do the other common sulphonamides after similar doses. 

2 Acetylation of the drug is shght 

3 Smgle daily doses of sulphadimethoxypynmidme will give blood concen- 
trations of an order considered adequate for therapy m pneumonia 


Clinical Trial 

Sulphadimethoxypyriimdme was given to 41 patients with pneumococcal lobar 
pneumonia, whose ages vaned between 16 and 78 years 

An initial dose of 3 to 5 g, followed at intervals of 24 hours by two doses 
of 2 g, was found to give a blood level of 5-13 mg per 100 ml which was 
mamtamed for 40 to 60 hours Eighteen patients were treated m this way 
Nme patients were given an mitial dose of 5 g , followed by 3 g at intervals 
of 24 hours for four doses, a blood concentration of 5 to 14 mg per 100 ml bemg 
mamtamed for about 120 hours 

In thirteen patients an imbal dose of 5 g was followed at 12-hour mtervals 
by two doses of 3 g and then by 2 g doses for several days, mamtainmg blood 
concentrations between 7-16 mg per 100 mh for four to six days This method 
proved the best for mamtammg adequate blood levels 

The drug was well tolerated and showed quite defimte therapeubc value, 
but was not so effective as other sulphonamides used m senes of similar cases 
(Don et al , 1940 , Macartney et al , 1942 , Ramsay et al , 1945) 
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AN ASSESSMENT OF THE VALUE OF SUGGESTED 
THERAPIES FOR LEUCOPENIA 

BY 

H. CULLUMBINE 

From the Chemical Defence Experimental Station, Porton, Wills 

Otecdred Itntmr 20 1947) 

The subcutaneous injection of inethyl-bis03-chloroethyl)amine (a nitrogen 
mustard) mto rabbits consistently produces a leucopenia, and the degree of 
this leucopenia is readfly vaned by variation in the dosage of methyl-bisOS- 
chloroethyl)aniine This phenomenon has been used as a method of assessment 
of the value of three suggested therapies for leucopenia The therapies tested were 

(i) Twenty-five per cent /T-cbloroxylenol m methylacetamide ((TXM), which 
Zondek and Bromberg (1943) claim produces a leucocytosis lastmg about four 
days in normal human subjects In patients with typhoid fever the white cell 
count was mamtamed at a normal level by mtramuscular mjections of (IXM, 
the count faHmg within 36 hours of discontmumg the mjection 

(li) The leucocytosis promotmg fector (LPF) of Menkm and Kadish (1943) 
The latter state that 100 mg of this preparation m salme or phosphate buffer at 
pH 7 4 when given to animals either by cardiac puncture or by subcutaneous 
injection causes leucocytosis 

Od) 1 g /lOO cc. aqueous sodium succinate, 0 1 cc of which, when mjected 
subcutaneously mto normal subjects or phthisic patients, is said to raise the white 
cell count (Hammett, Vessler, and Browmng, 1917) 

MFraoD OF Assay 

The leucopenia was produced by the subcutaneous injection of methyl-bis03-chloroethyl}- 
amiae hydrochlonde solutions (I mg /c.c.) Rabbits (drca 2 kg.) and occasionally goats 
(cttca 30 kg ) were used as the test animals The therapies under test were given at vanons 
intervals after the methyl-bis(/S-chloroethyl)aniine hydrochloride injechons, the efficacy of 
the therapies bemg judged by daily white cell counts performed between 10 aan. and noon 
sDd before feeding 

Results 

(0 CXM — This was given by mtramuscular mjection. Zondek and 
Bromberg’s doSage for man (1 e , two doses of 10 c c the first day and 10 c c 
daily for the next three days) was given to goats. In normal goats only a shght 
use m the white ceU count was produced, while m methyl-bis(/3-chloroethyl)amme 
liydrochlonde-poisoned animals leucopenia was not prevented and the mortality 
was actually doubled (Table I) 

A Similar picture was obtamed with rabbits In normal rabbits a shght 
leucocytosis was produced with smaTI doses, but raismg the dosage caused aH 
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TABLE I 

EFTECT OF INTRAMUSCULAR CXM ON THE WHTIR BLOOD CELL COUSHS OF C30ATS 



Dosage 

nitrogen 

mustard 

• 

Therapy dosage 

Average white cell counts 
m thousands/cu mm On days 


i 

2 i 

1 ; 

2 

3 

B 

1 5 

8 

1 


20 C.C. day Z 

10 C.C. days 2 and 3 

70 

H 

1 

96 

10 4 

101 

87 

a 

4 

1 ing./kg 
day Z 

— 

99 

110 

100 

3 0* 

B 

B 

i 14* 

1 

t 

4 

1 

1 mg {kg 
dayZ 

20 C.C day 1 

10 C.C. days 3 and 4 

■ 

11 0 

1 

7 8* 

fl 




• - one animal dead 


the rabbits to die With methyI-bis(/8-ch]oroethyl)ainine-poisoned rabbits 
leucopema was not prevented and the mortabty was increased (Table II) 


TABLE n 

EFFECT OF INTRAMUSCULAR CXM ON THE WHITE BLOOd' CELL COUNTS OF RABBTIS 


1 

Number 1 
of 1 
animals i 

Dosage 

nitrogen 

mustard 

1 

Therapy dosage 

Average white cell counts 
m thousands/cu mm on days 

Z-1 

Z 

1 

2 

3 

4 

5 

6 

8 

4 



0 5 c.c./kg day Z 

93. 

93 

12 3 

12.2 

9J* 

63 

■ 

\m 

\m 



1 C.C /kg. day 1 









1^1 

3 

1 

5 0c c.fkg day Z 

79\ 


6 9* 

6.2* 

3 0* 


■ 

H 

■ 

4 

1 mg./kg 

1 c c./kg day 1 

■ 

84 

ni 

62* 


sa 

2.9 

74 



dayZ 1 

0 5c c./kg. day 2 










5 

I mg /kg 

5 c c /kg day 1 



81 j 


•*• 

i 

1 

1 



dayZ 


'Hi 

ih 

! 


** i 

i 

i 



5 

1 mg./kg 1 

2 c a/kg day 1 

mMi 

IB 


68 

65 

4 4** 

3 I 

3 6** 



dayZ 

1 c c /kg day 2 

Hi 


wm 







5 

1 mg./kg 

1 c c /kg days 1 


1 70 


64 

58 

49 

34 

3 4* 

3 8 


dayZ 

and 2 

HI 

t 

m 







10 

1 mg/kg. 

! dayZ 

— 

104 

I 

ill 5 

93 

■ 

63 

54 

48 

83 

92 


• - one animal dead. 


(u) LPF — ^This was prepared from the inflammatoiy pleural exudates (pro- 
duced by injection of turpentine) of rabbits and goats (LPF(R) and LPF(G)) 
When injected subcutaneously into normal rabbits or goats there was some evi- 
dence of the production of a shght leucocytosis, but with methyl-bis03-chloro- 
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ethy])amiDe hydrochJonde-poisoned animals the leucopenia was not prevented 
and the death-rate was actually increased (Table ni) 

TABLE m 


EFFECT OF LPF OS THE %VHrrE BLOOD CELL COUNTS OF COATS AND RABBITS 


Nomber 

of 

animals 

! Dosage 
[ nitrogen 
mustard 

Therapy and 
dosage 

1 

Aserage white cell counts 
m thousands/cu mm on days 

Z-1 

Z 

1 

2 

3 

4 

5 

6 

7 

(a) RABBITS 1 











5 , 

— 


10 5 1 

llOi 

11 0 

96 

100 

104 






Zand 10 mg day 1 










4 

1 


70 

68 

91 

11 3 

85 

li2 

14 9 

11 6 

12.3 

5 

1 mg /kg 

100 mg LPF(R)day 

96 

97 

96 


4 6*1 

84** 

82 

10 9 

10 0 


dayZ 

1 






i 

i 



3 

1 mg /kg. 

100 mg LPF(R)day 


8 1 

87 


1.2 


5 0** 

102 



day Z 

1 and 2 


1 




I 




5 

1 mg /kg 

too mg LPF(G) day 

9 1 

10.2 

^ 96 

89 

9 2** 

98 1 

13 0* 

98 

86 


day Z 

1 


1 

1 


• 

1 




4 

1 mg./kg 

100 mg LPF(G)day 


1 75 

1 70 

39 

1 0* 

1 05 

1.2 

53 



day Z 

1 and 2 


1 

1 



1 



1 

10 

1 mg./kg. 

. - 

1 104 

1 11 5 

93 


6J 

B 

48 

83 

1 92 


dayZ 


t 

1 


m 


m 



1 

1 

(b) goad 

J 











2 1 


300 mg LPF(G)day 

1 73 

56 

12.9 

11 5 

108 

90 

98 

84 

1 


1 

Z and 1 










® 1 


300 mg LPF(G)day 

81 

' 79 

14 9 

9S 

Bli 


00 

• 

* 

BE 


j 

dayZ 

1 and 2 

1 

! 

1 

1 

m 

H 


■n 


4 i 

Img./kg. 


1 99 

' 11 0 

100 

BS 


IB 

2 4* 

25 

61 


dayZ 

1 

1 

1 


■ 

■ 

■ 





* - one anunal dead. 


(m) Sodium succinate — ^Vanous quantities and concentrations of sodium 
succinate m aqueous solution were mjected subcutaneously rato normal rabbits 

TABLE IV 


effect of sodium SUCCINATE ON THE WHITE BUX)D CELL COUNTS OF NORMAL RABBITS 


Number 

of 

animals 

i Therapy 

j dosage 

i 

1 


Avers 

thoui 

ige wh 
andsA 

iite cell counts in 
cu mm on days 



Z-1 

Z 

1 

2 j 

3 1 

4 

5 

6 

7 

5 

0 1 C.C. 1% solution day Z i 

86 

89 

10 9 

1 

119; 

12.0 

93 

92 




0 5 c c 1% solution day Z 

92 

96 

11 9 

13 1 I 

\x\ ! 

95 

92 



J 

1 C.C. 1% solution day Z i 

98 

81 

11 1 

11 9 j 

12 0 

13 I 

92 



^ 1 

1 cc 1% dayZ, twice daily, i 

91 

98 

11 8 

14.2 

20 8 

10 8 

142 

ISO 

98 


days 1, 2, 3 




1 






J 1 

1 c c 10% solution day Z j 


155 

14J 

IZ4 

12.2 

13 4 

85 

11 9 

13 6 

^ 
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and there was definite evidence of the production of a leucocytosis, a 1 g /lOO c c. 
solution bemg better than a 10 g /lOO cc concentration (Table IV) However, 
the sodium succinate solutions did not prevent the occurrence of leucopenia m 
methyl-bis08-chloroethyl)amine hydrochlonde-poisoned animals (Table V) 


TABLE V 

EFFECT OF SODIUM SUCCINATE ON THE WHITE BLOOD CELL COUNTS OF 
NTTROGEN MUSTARD POISONED RABBITS 


Number 

of 

Dosage | 

nitrogen 

mustard 

1 

Therapy 

dosage 


Ave 
m thoi 

rage white cell counts 
usands/cu mm on days 


Z-1 

Z 

1 

2 

3 

4 

5 

6 

7 

10 

1 mg./kg. 



104 

11 5 

93 


IBI 

IBI 

48 

83 

92 


day Z 





im 


m 




15 

lmg./kg 

1 C.C 1% day 1 

96 

ia 


lOZ 

57 

ITS 

102 

10 5 



dayZ 



Hi 




HI 




5 

1 mg /kg. 

1 C.C 1% at 

— 

iwi 


lOZ 

69 


1Z7 

; 

— 


dayZ 

Z + 0 hours 


■HI 








10 

Img/kg. 

0 5 c c 1% day 1 

96 

lEEl 

|107 

11 5 j 


11 3 

11 8 

IZO 

10 6 


day Z 











5 

1 mg./kg 

1 c c. 10% day 1 

; 87 


45 

EH 


33** 

: — 

— 



dayZ 


! 



m 

■1 





10 

2mg./kg 


10 5 

14 0 

1Z5* 

11 1* 

92 

39 

m 

11.5 

15 3 


dayZ 








He 



5 

2 mg /kg 

1 0,0.1% days 1,2, 

13 2 

13 6 

14.9 

16 7 

67 

EQ 

16 8 

125 

— 


^y Z 

3 and 4 


1 









2 mg /kg 

1 0.0 1% days 1-6 

95 

llZ7 

8 9* 

6J» 

51 

2.7** 

13 4* 

115 

75 


dayZ 











5 

2 mg /kg. 

5 0 0 , 10% day 1 

84 

101 

88 

38 

04 

03* 

37 



5 

2mg./kg, 

ICC 1% at 

1 92 

84 

14 5 

4J2 

OS* 

3 5** 





dayZ 

j Z + 6 hours 

1 

i 









— one animal dead 


Summary 

When assayed on rabbits or goats poisoned with methyl-bis(^-chloroethyl> 
amme hydrochlonde (given by subcutaneous injection), the foUowmg substances 
were ineffective m preventing leucopenia 

1 p-chloroxylenol m methylacetamide— this preparation, indeed, was found 
to be toxic m the recommended dosage 

2 The leucocytosis-promotmg fector of Menkim 

3 An aqueous solution of sodium succmate 


I am indebted to the Chief Saentlfic Officer, Ministry of Supply, for permission to 
publish this paper 
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SELECTIVE INHIBITION OF 
PSEUDO-CHOLINESTERASE BY DI/S'OPROPYL 
FLUOROPHOSPHONATE 

BY 

R D HAWKINS AND B MENDEL 

From the Banting and Best Department of Medical Research, 

Banting Institute, Umxersity of Toronto 

CReedvaJ Fcbmair 10 1M7) 

The inhibition of cholinesterase by fluorophosphonates was discovered in 
1941 by Adrian, Feldberg, and Kilby (1947), when they examined dimethyl 
fluorophosphonate In 1941 McCombie and Saunders prepared diisopropyl 
fluorophosphonate and Adrian et al (1942), as well as Mackworth (1942) 
found that it had an even stronger inhibitory action on cholinesterase 
than the dimethyl ester At that time it was not known that there were two 
enzymes, true chohnesterase and pseudo-chohnesterase (Mendel and Rudney, 
1943a), which are not necessarily affected similarly by mhibitors (Mendel and 
Rudney, 1944 , Hawkins and Gunter, 1946) In the experiments to be reported 
m this paper it will be shown that duropropyl fluorophosphonate, unlike esenne 
or prostiginme (Hawkms and Mendel, 1946, and unpublished experiments), 
oj^hibits a much stronger inhibitory action on pseudo-chohnesterase than on true 
cholinesterase With low concentrations of durcTpropyl fluorophosphonate it is 
therefore possible to inhibit pseudo-cholmesterase selectively without affectmg 
true cholinesterase 

The possibflity of such selective inhibition cf pseudo-chohnesterase by 
dujopropyl fluorophosphonate was suggested by the followmg two observations 
(1) Bodansky (1945) as well as Mazur and Bodansky (1946) found that on 
exposure of human bemgs to low concentrations of the vapour of diisopropyl 
uorophosphonate almost complete inhibition of chohnesterase activity m the 
P sma could be obtamed without causmg serious distress It should be borne 
m mmd, however, that human plasma contams predommantly pseudo-chohn- 
^erase (Mendel, MundeU, and Rudney, 1943) and that the inhibition of this 
en2yme, as shown by Hawkins and Gunter (1946), will not mterfere with the 
estruction of acetylchohne released by nervous activity These workers found 
at certain concentrations of a prostigmme analogue, the dunethylcarbamate 
® 2-hydroxy-5-phenyl-benzyltnmethylammonium bromide (Hoffman-LaRoche 
83), are capable of mhibitmg completely the activity of pseudo-chohnesterase 
'itro Without affectmg significantly that of true chohnesterase This 
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compound, when mjected mto dogs m amounts sufficient to mhibit pseudo-cholm- 
esterase almost completely, elicits no symptoms mdicative of the accumulaUon 
of acetylcholme , such symptoms appear only if the dose mjected is sufficiently 
large to depress the acUvity of the true cholmesterase as well Pseudo-cholm- 
esterase, therefore, plays no essential role m the hydrolysis of acetylcholme in 

VIVO 

(2) Bodansky and Mazur (1946) and Mazur and Bodansky (1946) found that 
the concentration of diuopropyl fluorophosphonate necessary for the mhibition 
of cholmesterase varied accordmg to the enzyme preparations used , the negative 
logarithm of the molar concentration of diuopropyl fluorophosphonate neces- 
sary to produce a 50 per cent inhibition of the activity towards acetylcholme 
(1 5 X 10‘^iVf) was 7 7 and 8 1 for human and horse serum respectively, the corre- 
spondmg value for rabbit serum was 4 1, and the values for red blood cells and 
bram varied between 5 2 and 6 0 Smce the sera of man and the horse contam 
predominantly pseudo-cholmesterase (Mendel, Mundell, and Rudney, 1943), 
rabbit serum mainly true cholmesterase (Mendel and Rudney, 1945), and bram 
and red blood cells throughout the annual kmgdom true cholmesterase only 
(Mendel and Rudney, 1943a, 1943b), the results obtamed by Mazur and Bodansky 
can be mterpreted as mdicating that pseudo-cholmesterase is approximately 100 
times more sensitive to the inhibitory action of diwopropyl fluorophosphonate 
than IS true cholmesterase 


Methods 

Cholmesterase activity was measured manometncally by Warburgs method at 37 C 
in 2 5x10^^ NaHCO, saturated with 5 per cent CO, in N, The di/jopropyl fluoro- 
phosphonate was added to the bicarbonate medium contammg the enzyme preparaUon tn 
the mam compartment of the Warburg flask, the substrate bemg placed m the side arm 
■Vfter the enzyme preparation had been shaken for 15 min to attam temperature equihbnum 
the substrate was tipped mto the mam compartment From a stock solution, freshly pre- 
pared every third day, of diuopropyl fluorophosphonate (lO-’Af) m propylene glycol, greater 
dilutions were made with distilled water as required The final concentration of propylene 
glycol present m the experimental vessels caused by itself no inhibition of the chohnesterases 
The activities of the true and pseudo-cholinesterases were measured Ss descnbed by 
Mendel, Mundell, and Rudney (1943), by the rates of hydrolysis of acetyl methylchohne 
and benzoylcholme respectively 


Results 

In vitro — ^Prelimmary expenments were earned out to determme the inhibitory action 
of diiropropyl fluorophosphonate on enzyme preparations containing either only true 
cholmesterase or only pseudo cholmesterase This was done m order to ascertain whether 
the substrate acetylcholme could be replaced by acetyl-|8 methylcholme in measurmg the 
acUvity of true cholmesterase, or by benzoylcholme m measurmg the acUvity of pseudo 
cholmesterase, without affectmg the percentage inhibition by dirsopropyl fluorophosphonate 
Haemolysed dog erythrocytes were used as a source of true chohnesterase, and an extract 
of dog pancreas as a source of pseudo-cholmesterase As shown m Table I, the degree of 
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mhibiboa of true choliuesterase and pseudo-cholinesterase by di/sopropyl fluorophosphonate 
u not altered when acetyl-/5-methylcholme or benzoylcholine respectively are substituted 
for acetylcholine 

TABLE I 


INHIBinON OF PSEUDO-CHOUNESTERASE AND TRUE CHOUNESTERASE BY DIUOPROPYL 
FLUOROPHOSPHONATE, USTNO VARIOUS SUBSTRATES 


Enzyme 

preparation 

Substrate* 

Molar 

concentration 
of diimpropyl 
fluoropho^honate 

Percentage 
inhibition 
of enzymatic 
activity 

True cholinesterase 

Ach. 1.2 X lO-’Af 

1 X 10 ’ 

4 

(haemolysed dog 

Mch. 3 X lO-W 

1 X 10’ 

3 

erythroqTes) 

Ach. XJL X 10-*Af 

5 X 10 ’ 

25 


Mch 3 X 10-*/Vf 

5 X 10-» 

26 

Pseudo-diolincstcrase 

Ach 6 X 

1 X 10 • 

87 

(suspension of dog 

Bch 6 X IO-*Af 

1 X 10 • 

86 

pancreas) 

Ach. 6 X 10-*M 

5 X 10-* 

100 


Bch. 6 X lO-'Af 1 

5 X 10-* 

100 


* Ach - acetylcholine, Mdu - aceQ'l-P-methylcholine, Bch. - bcnzoylcholme. 


Moreover, the presence of pscudo-cholmeslerase does not interfere with the inhibition 
of the true cholinesterase. Table IT shows that the hydrolysis of acetyl-)S-methylcholine by 
the true cholinesterase of haemolysed human erythrocytes is inhibited 26 per cent by 
di£ropropyl fluorophosphonate. When highly punfled pscudo-cholinesterase pre- 
pared from horse serum is mixed with the haemolysed erythrocytes m an amount possessmg 
an actvity approximating that of the pseudo-chohnesterase of human plasma, no dimmution 
of the inhibitory action of duropropyl fluorophosphonate on true chohnesterase is observed. 

In subsequent experiments, therefore, acetyl-j9-methylchohne and bcnzoylcholme could 
be used to estimate separately the activities of the two cholmesterases m enzyme preparations 
which in most cases contamed a mixture of both. 


TABLE n 


INHIBrroRY ACTION OF DlisoPROPYL FLUOROPHOSPHONATE ON TRUE CHOUNESTERASE IN 
THE PRESENCE OF PSEUDO-CHOUNESIERASE 


Type of 
cholinesterase 

Molar 

concentration 
of diirnpropyl 
fluoTOphos- 
phonate 

Activity* 

(/il COt/15 mm.) 

Percentage 

Inhibition 

True diolmesterasc (haemolysed human 
oythrocytes) 


1000 


.jbolmesterasc (haemolysed human 
eiytMo^) 

5 X 10-* 

740 

260 

irue jioliDesterasc (haemolysed human 
^^“trocytes) in the presence of pseudo- 
raouDesterasef (purified horse serum) 

5 X 10-* 

74J 

25.5 


^bstrate m aU cases acetyl-yj-methylcholme (3 x 10~‘AO 
TMrrrfii?* ,P®*^^°^olinesterase from horse serum was kmdly supplied by Miss F Strehtz, who 
It accordmg to her method (Strehtz, 1944) This preparation exhibited no actmty 

towards acetyl-pmiethylcholine. v ^ 
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The enzyme preparaUons tested ■were the plasma of man, dog, cat, rat, rabHt, and 
sheep Sheep plasma contains no pseodo-cholmesterasc, whfle the plasma of the other 
species contains both cholinesterases, although in different proportions. For each enzyme 
preparation, "with the exception of sheep plasma, the minima! concentration of difjopropyl 
fluorophosphonate required to- cause complete inhibition of pseudo-chohnesterase activity 
was determined, using benzoylcholine as substrate The inhibitory action of this concen- 
tration of diisopropyl fluorophosphonate on the true chohnesterasc in the plasma was then 
exammed, usmg acetyl-;0 methylchohne as substrate 

The results of these expenments ate ^own m Table IH Although pseudo- 
chohnesterase IS inhibited completely m all instances, the true cholmestmse is 
inhibited only partially 35, 34, and 33 per cent m human, rabbit, and rat plasma 
respectively, and only 7 per cent in dog plasma 

TABLE m 


SELECTIVE INHIBrnON OF PSEUDO-CHOllNESrERASE BV UUlOPROFyi. FLUOROPHOSPHONATE 


Soiirce 

of 

enzyme 

Substrate* 

Molar 

concentration 
of diimpropyl 
fluorophosphonate 

Activity 
as /il CC 
by 1 ml 
m 15 
Without 
inhibitor 

'expressed 
, evolved 
plasma 
mm.) 

With 

inhibitor 

Percentage 

inhibition 

Human 

Ach 6 X Kb'Af 

I X I0-* 

1280 

13 

99 

plasma 

Mch 3 X I0-‘Af 


26 

17 

35 


Bch 6 X 10-»A/ 

5 X 10-« 

570 

0 

100 

Dog 

Ach 6 X 10-*M 

590 

60 

90 

pla^a 

Mch 3 X 


82 

76 

7 


Bch 6 X IQ^M 


294 

0 

100 

Cat 

Ach 6 X 10-W 

5 X io-* 

426 

14 

96 

plasma 

Mch 3 X 10-*Af 


30 

25 

16 


Bch 6 X 10-*Af 


109 

0 

100 

Rat 

Ach 6 X ICb’Af 

1 X io-« 

123 

16 

87 

plasma 

Mch 3 X 10-*Af 


54 

36 

33 


Bch. 6 X 10-W 


20 

0 

100 

Rabbit 

Ach 6 X 10-W 

s X io-' 

45 

20 


plasma 

Mch 3 X 10->Af 


47 

31 

34 


Bch 6 X 10-*A/ 



0 

100 

Sheep 

Ach. 6 X l(T*Af 

5 X IO-' 


10 

23 

plasma 

Mch, 3 X lO-'M 



11 

22 


Bch 6 X 10-*Af 

>» 

■H 

0 



• AcJl - acetylcholine *) 

Mch — aostyl-^methylcholine >aU in the form of the chlonde 
Bch - brazoylcbohne J 


Besides disclosing the difference between the sensitivities of pseudo-cholin- 
esterase and true chohnesterasc towards diisopropyl fluorophosphonate, these 
experiments show that when acetylcholme serves as substrate, the inhibition 
brought about by dujopropyl fluorophosphonate depends on the proportion of 
true chohnesterasc and pseudo-cholinesterase present m the plasma , the greater 
the content of pseudo-chohnesterase, the greater the discrepancy between the 
inhibition of true cbolmesterase and the inhibition observed when acetylcholine 
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IS the substrate, conversely, the lower the pseudo-cholinesterase actrvrty, the 
closer the parallelism between the inhibition of true chohnesterase and the 
inhibition of the acetylchohne hydrolysis 

In \ivo — Mazur and Bodansky found that m human beings exposed to ditropropyl 
fluorophosphonate, an inhibition of 98-99 per cent of the activity of the plasma towards 
acetylcholine did not result in symptoms of acetylchohne accumulation In the present 
senes, animals were mjected intramuscularly with diiropropyl fluorophosphonate m order 
to ascertam whether in species, the plasma of which contams true chohnesterase and pseudo- 
chohnesterase m a proportion different from that m human plasma, there is also no correla- 
tion between the inhibition of the activity of the plasma towards acetylchohne and the 
symptoms to be expected from this inhibiuon 

Rabbits were chosen as experimental animals because the plasma of this speaes con- 
tains a smaller proportion of pseudo<hohnesterase to true chohnesterase, and therefore 
(see Table IQ) the discrepancy between the degree of inhibition of the activity towards 
acetylchohne, on the one hand, and towards acctyl-yS-methylchohne, on the other, is not so 
pronounced as with human plasma, in which pseudo-chohnestcrase predommates 

It will be seen from the typical experiment outlmed m Table IV that rabbits 
receiving mtramuscular mjections of ditsopropyl fluorophosphonate display their 
first symptoms of acetylchohne poisonmg (le, masticatory movements of the 
jaws and shght generalized fibrillation) at a tone when an appreciable activity 
(18 per cent) of the plasma towards acetylchohne is stiU present These results 
confirm Mazur and Bodansky’s findmgs m then: experiments with rabbits How- 
ever, these authors did not attempt to explam why m rabbits symptoms of 
acetylchohne poisonmg appear when the chohnesterase of their serum stfll dis- 
plays a considerable activity towards acetylchohne, whereas m man an almost 
complete inhibition of the activity of the plasma towards acetylchohne causes 
no symptoms of senous distress 


TABLE IV 

REIATIOSSHIP between the INHIBtnON OF CHOLINESTERASES BV DlisOPROFYL FLHORO- 
PHOSPHONATE AND THE ONSET OF SYMITOMS OF ACETYLCHOLINE POISONING 

Rabbit 11 — 2 ^ kg 
} I Activity of plasma tested. 

11.27 0 65 mg diisopropyl fluorophosphonate* m saline injected mtramuscularly 
j localized twitdung of hmd leg at site of injection 
1 1 1n ™®sticatory movements, whi^ contmued untfl 
1 1 S ® difaopropyl fluorophosphonate m salme mtramuscularly 

1 1 .56 generalized fibrillation. 

1 1.57 chewing, swallowmg and fibrillation , activity of plasma tested. 


Activity (expressed as fd CO. evolved by 1 mL plasma m 15 mm ) towards 



Bcht 

Inhibition 

Mch.t 

Inhibition 

Ach.t 

Inhibition 


(6 X 10-»AO 

% 

(3 X 10->AT) 

% 

(6 X 10-»Af) 

% 

11.26 

61 


62.8 

_ 

69JS 


11 57 

0 

) 

100 

17 3 

73 

13J 

82 


+ dilution (1 m 500) was made with propylene glycol 

Tiich. — benzoylchohne, Mch — acetyl-jJ-methylchohne, Ach — acetylchohne. 
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Discussion 

The plasma of most species contams, m varymg proportions, a mixture of 
two enTymes pseudo-cholmesterase. which plays no essential role in the hydro- 
lysis of acetylcholme in vivo, and true cbolmesterase. the inhibition of which 
results m symptoms of acetylcholme poisonmg The experiments reported here 
have shown that appropriate concentrations of diwopropyl fluorophosphonate 
completely mhibit pseudo-cholmesterase without affectmg the true chohnesterase 
significantly (see Table III) 

Smee acetylcholme is hydrolysed by both cholmesterases, measurements 
with acetylcholme as substrate can yield no mformation about the contribution 
made by each of these enzymes to the total activity, and the extent of inhibition 
of the activity towards acetylcholme m the presence of a selective inhibitor of 
pseudo-cholmesterase will depend on the relative proportions of pseudo- and 
true cholmesterases m the mixture which is bemg tested Therefore, the degree 
of inhibition of acetylcholme hydrolysis by diiropropyl fluorophosphonate is no 
index of the inhibition of the true chohnesterase 

In the hght of the above facts it is not surpnsmg that human bemgs exposed 
to low concentrations of diisopropyl fluorophosphonate exhibit no symptoms 
mdicative of acetylcholme accumulation when their plasma has lost 98-99 per 
cent of Its original activity towards acetylcholme , 99 per cent of the activity of 
human plasma towards acetylcholme (6 x lO^Af) is due to pseudo-cholmesterase, 
true chohnesterase accountmg only for about 1 per cent of the total activity 
(Mendel, Mundell, and Rudney, 1943) Consequently, when dusopropyl fluoro- 
phosphonate causes a 98-99 per cent inhibition of the activity of human plasma 
towards acetylcholme, the inhibition of the pseudo-cholmesterase activity should 
be complete, while the activity of the true chohnesterase may be depressed less 
than 35 per cent (see Table III) 

The results are entirely different with anunals whose plasma contams pre- 
dominantly true cbolmesterase (e g , rabbits) The hydrolysis of acetylcholme 
by the plasma of such animals is due mainly to the true chohnesterase , there- 
fore, when a 98 per cent mhibi(ion of the activity of them plasma towards 
acetylcholme is achreved, it must be the true cbolmesterase which is inhibited to 
a great extent Consequently, symptoms of acetylcholme poisonmg should set 
m at a much lower level of mhibition of acetylcholme hydrolysis than would be 
the case m species, such as roan, where the hydrolysis of acetylcholme by the 
plasma is due mainly to pseudo-chohnesterase Indeed, our experiments with 
rabbits have shown that the injection of diisopropyl fluorophosphonate leads to 
parasympathomimetic symptoms and fibrillation at a tone when the activity of 
the plasma towards acetylcholine is inhibited not more than 80-82 per cent In 
sheep, whose plasma contains true cbolmesterase only, these symptoms would 
probably appear at a still lower level of mhibiUon of the acetylcholme hydrolysis 
It would seem, therefore, that the higher the ratio of true chohnesterase to 
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pseudo-cholinestctase, the lower the degree of inhibition of acetylcholine hydro- 
l}'sis prevailing at the time of onset of symptoms 

As mentioned previously, it is the inhibition of true cholmesterase which 
results m the appearance of symptoms of acetylchohne poisonmg On the basis 
of experiments m which the level of true cholmesterase activity was correlated 
with the appearance of symptoms after the mjection of eserme, Gunter and 
Mendel (1945) concluded that the body possesses a surplus of this enzyme , they 
observed no Di-effects untd the activity of the true cholmesterase was mlubited 
70-80 per cent SunDarly, Hawkins and Gunter (1946) found that symptoms of 
acetylchohne accumulation made then first appearance m dogs when the true 
cholmesterase activity of their plasma had been depressed to 23 per cent of its 
ongmal level KoeUe and Gilman (1946) reported only sbght parasympatho- 
mimetic symptoms m rats when the activity of the true cholmesterase m the bram 
had been depressed to 21-28 per cent of the normal by mtramuscular mjection of 
diiropropyl fluorophosphonate, and m the present study symptoms of acetyl- 
cholme accumulation appeared m rabbits when the activity of the true cholm- 
esterase m the plasma had been depressed to 27 per cent of its ongmal level 
(see Table IV) 

Therefore, diuopropyl fluorophosphonate, m order to produce symptoms of 
acetylcholme poisonmg, must be present m a concentration which is sufiBaent 
to remove the true cholmesterase m excess of that reqmred for normal function 
To estimate to what extent this objective has been achieved by mjection of, or 
exposure to, dusopropyl fluorophosphonate it is necessary to determme the 
degree of inhibition of the activity towards acetyl-/3-methylcholme The use of 
acetylchohne as substrate would yield no such information except m the rare 

cases m which pseudo-cholmesterase is absent or is present m negligDile amounts 
only 


SXJMMARY 


1 Although difsopropyl fluorophosphonate inhibits both true and pseudo- 
cholinesterases, higher concentrations are required for the inhibition of true 
cholmesterase than of pseudo-cholmesterase With appropriate concentrations 
of diiropropyl fluorophosphonate it is therefore possible, m a mixture of both 
enzymes, to inhibit selectively the activity of pseudo-cholmesterase without 
affectmg that of true chohnesterase 


2 Acetylchohne is hydrolysed in vitro not only by true chohnesterase, but 
also by pseudo-cholmesterase , therefore, measurements of chohnesterase activity 
>n which acetylchohne is used as substrate cannot be used to correlate the degree 
of inhibition of true chohnesterase by diiropropyl fluorophosphonate and the 
effects resultmg from this mhibition in vivo Smee true cholmesterase is the 
enzyme responsible for the hydrolysis of acetylchohne released at nerve endings, 
^ is the degree of inhibition of true cholmesterase which must be determmed 
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when a correlation between anti-cholinesterase action and pharmacological 
effects IS sought. 

The diiiopropyl fluorophosphonate used in these experiments was kindly suppUed from 
the Medical Centre, Chemical Warfare Service, Edgcwood Arsenal, Md , through the 
courtesy of Col J R Wood 

This mvestigdtion was aided by grants from the Bantmg Research Foundahon and 
Hofiinann-LaRoche Co , Ltd , Canada 

The results set forth m this paper were presented m part at a meeting of the Biochemical 
Society m London, December 6, 1946 
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(Recdrcd Febnuir 15 J947) 


During the preparatoiy work before paludnne (4888) was administered to 
human bemgs the usual investigations were made of its toxicity m vanous 
laboratory animals Early m the work we recognized that different speaes of 
animals behaved differently towards it , the rat and the mouse, for example, 
appeared more susceptible than the chick. We also recognized that the differ- 
ences were possibly not due to a difference m susceptibflity to unchanged drug, 
but more likely to a difference m its metabohsm and the Hberation of greater or 
less amounts of toxic by-products Suffiaent work was done to justify givmg the 
drug to human bemgs, and the Liverpool workers (Adams, Maegraith, Kmg, 
Townshend, Davey, and Havard, 1945) pursued their mvestigations on the 
assumption that human bemgs might react like the mouse and the rat, which are 
amongst the most susceptible of the laboratory animals It was for this reason 
that, m the begmnmg, paludnne was given only twice daily, and doses were 
progressively mcreased by amounts not greater than 25 mg Qmte qmckly it 
was shown that man must be classed amongst the least susceptible animals 
The laboratory results have not been published earlier because it was hoped 
that a fuller mvestigation would be made Unfortunately, this wfll take longer 
than was planned, and because paludrme has now been sent to many laboratones 
m different parts of the world we are makmg the preliminary results available 
without further delay for the convemence of other workers 
The constitution of paludnne (base) is given below 


Snh cnh cnhch(ch,), o 
^ ^ II n 

NH NH 
paludnne 


/ NnH CNH.C 

> ^ n I! 

NH NH 

4430 


Two salts were used m the expenments, the monoacetate and the monohydro- 
chlonde The former contams 81 per cent by weight of the base and is soluble 


Paludnne is the registired name for N,-p-chlorophen}l-N,-/joprop>lbiguanide 
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to the extent of about 2 per cent in wato , the latter contains 87 4 per cent by 
weight of the base and is about half as soluble Solutions of either salt are 
stable when boiled The figures quoted m the text, unless it is stated to the 
contrary, refer to the salts The monoacetate was used m the intravenous and 
mtrapentoneal tests, the monobydrochlonde m the oral tests 

Acute toxiaty 

This was measured in the usual way Solutions were administered orally by means 
of a catheter tube, and intravenously or intrapentoneally by rapid (3 sec.) injection 
The results are given in Table L For most species of anim al three sets of figures are 
quoted which give, respectively, approximately the largest dose permitting all animals fo 
live (LDO), the dose which kflls approximately half the experimental animals (LD50) and 
approximately the smallest dose which kills all (LDIOO) 


TABLE I 

ACUTE TOXJCrTY OF PALUDRINE IN LABORATORY ANIMALS 


Species 

Route 

LDO (mg /kg ) 

LDSOfmg/kg) 

LD100(nig/kg) 

Chick (wt 50 g ) 

Oral 

200 

400-600 



IV 

40 

60-80 

100 

Mouse (wt 18-22 g) 

Oral 

50 

60-80 

100 

i V 

10 


40-50 


1 p 

10 


40-50 

Ratfwt 100 g) 

Oral 

80 

100-150 


IV 

20 

40 

60 


>p 

20 

40 

60 

Rabbit (wt I 5 kg ) 

Oral 


circa 150 


IV 

30 

efreo 50 

I 

1 


The intravenous or intrapentoneal injection of paludrme into both rats and 
mice IS associated with delayed deaths, a pomt which is of much interest It is 
best emphasized by comparing the results of an intravenous test using this drug 
with one usmg a closely related substance (4430), which differs only by a methyl 
group (see formula above) The results are given in Table n 


TABLE n 

COMPARISON OF THE RESULTS FOLLOWINO THE RAPID rNTRA VENOUS DOECITON OF 4430 AND 

PALUDRINE INTO MICE 



Result* 

Dose 

4430 

Paludrme 

100 mg /kg 

80 mg /kg. 

60 mg /kg 

6/6 mice dead within 3 min 

5/6 mice dead within 3 min , 
survivor alive 5 days later 

6/6 survived 5 days 

12/12 mice dead within 3 min 

9/18 mice dead within 3 mm , 
remaining 9 died I to 24 hours after 
the injection 

No immediate deaths, 12/12 mice 
died 2 to 24 hours aflCT the injection 
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At the tnne these expenments were earned out the blood concentrations of 
paludnne had not been measured, and it was thought possible that the ddayed 
deaths were caused by unusually prolonged retention of the drug m the blood, 
and therefore that an additive effect mi^t be produced by further mtravenous 
injections 

The idea was tested by giving a second injection, after vanous intervals, of an amount 
(20 mg /kg.) that, by itself, produced very few deaths Seventy-two mice were mjected m 
the begmnmg , 12 were kept as controls and the remamder were divided mto five further 
groups of 12 which were given a second mjechon 1, 3, 6, 24, and 48 hours respectively, 
after the first mjection The results are given in Table HL (The results of a second, 
similar expenment are given m parentheses m the Table ) 

TABLE nr 

MORTAUTV IN MICE AFTER A SECOND INTRAVENOUS INJECnON OF 20 MG /KG PALUDRINE 
FOLLOWING A FIRSr INJECTION OF TOE SAME AMOUNT 

Figures in parentheses arc the results of a second experiment 


Group 

Mortalities 

Total dead 
after 

5 days 

0-1 hr 

1-5 hr 

5-24 hr 

24-48 hr 

I Control 

— 

— 

— 

1/12(1/12) 

1/12 (1/12) 

2nd injection after 

n Ihr 

m 3hr 

IV 6hr 

V 24 hr 

VI 48hr 

H 

1 

9/12 

9/12 

11/12(6/12) 
4/12 (1/12) 

2/12 

2/12 (2/12) 
1/12 

12/12 

9/12 

11/12(6/12) 
7/12 (3/12) 
1/12 


In mice, therefore, the second miection clearly exerts an additive efi'ecL Sunilarly, a 
second mjection of paludnne mto rats also produces an additive toxic effect (Table IV), 
and m them, too, its parenteral mjection is associated with delayed deaths On the other 
h^d, in chicks which have received paludnne mtravenously, deaths occur withm about 
15 mm or not at all, and m them a second mjection docs not produce an additive effect. 


TABLE IV 

mortality in rats AFTER A SECOND INTRAVENOUS INJECTION OF 25 MG 'KG PALUDRINE 
FOLLOWING A FIRST INJECnON OF THE SAME AMOUNT 



Group 


Mortalities 

1 

Total 

Deaths 


0-1 hr 

l^hr 

4-8 hr 

8-24 hr 

24-48 hr 

I 

Control 

2nd injection after 

— 

— 

— 


— 

0/6 

n 

1 hr 

2/6 



1/6 

3/6 



6/6 

in 

3 hr (1/6 dead 
before 2nd injection) 


— 

2/5 

2/5 

— 

4/5 

TV 

6 hr 

— 


2/6 

3,6 



5/6 

V 

24 hr 

— 

— 



— 

0/6 
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Although these results tended to support the suggestion that paludnne might 
be highly persistent ui rats and mice, measurements of blood concentrations 
soon disproved this, and we now find it difficult to beheve that delayed deaths 
or additive effects are due to unchanged paludnne We are therefore searchmg 
for a metabohte m the hope that the properties of the latter may provide an 
explanation 


Chrome toxicity 

(a) In mice ^Two tvpcs of expenment were done In the first, nuce weighing 18 to 
22 g were arranged in groups of 10 and dosed twice daily for 5 days with the test solutions 
The LD50 in this expenment is about 25 mg /kg , at 12 J mg./kg. no animals die, at 
50 mg /kg they all die 

In the second type, young mice weighing 14 to 16 g were dosed twice daily for 14 
days Growth appeared normal amongst those reccrving 12.5 mg./kg , deaths occurred 
at higher doses 

(b) In rats — Newly weaned rats, weighing about 40 g., and selected from as few fitters 
as possible, were arranged in groups of 10 Sexes and fitter mates were distributed equally 
among the vanous groups Food (standard cubes made to a formula of the Rowett Insti- 
tute) was given to the animals immediately after the daily weighmg at 10 a.m. , water was 
always available 

The growth of rats for the first few weeks after weamng is finear and, with careful 
matching, all the groups in experiments such as the ones bemg desenbed can be made to 
follow the same straight Ime Seven days were allowed for the fine to become established, 
and then treatment with paludnne was commenced It was given orally, once daily 

It was found that a dose of 50 mg./kg caused an immediate alteration m the slope of 
the growth curve, although not sufficient to reduce it to zero Scattered deaths also 
occurred with this treatment. With a dose of 40 mg /kg a slight deviation of the curve 
was caused sometimes immediately, sometimes later With a dose of 30 rag /kg. growth 
was normal over the whole period of treatment (two months m some experiments) and 
there were no deaths 

Rats which died, and the survivors of all groups, were subjected to a pathological 
exanunation, but nottung of significance was found * It is noteworthy that m none of 
these toxicity tests has any symptom been produced m any of the mammalian speaes that 
would lead one to suppose that the drug had affected the central nervous system Chemical 
estimations confirm that the amount of drug which can be recovered from the bram of 
rats and rabbits is msignificant (see below and Spinks, 1947) 


Blood concentrations't 

The rat growth test just desenbed is probably one of the most sensitive 
toxicity tests available in the laboratory and it was regarded as important to 
detemune the concentrations of paludnne m the blood associated with the doses, 


•We are mdebted to Dr I R M finnes for this information The organs examined 
were bram, kidney, fiver, pancreas, spleen, lung, mtestme, and thyroid 

t All concentrations, whether m plasma, whole blood or tissue, are given as mg./l or 
mg /kg. of the free base 
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50 mg /kg and 30 mg /kg per day respectively, which delimited the toxic region 
They were measured by the method of Spmks and Tottey (1946) Measurements 
on whole blood were made, m different experiments, after the first dose and after 
the seventh dose At least three rats were used m the determmation of each 
pomt. A curve for the concentrations reached on the seventh day is given m 
Fig 1 

The most mterestmg feature of 
the results is the fact that the blood 
concentration associated with a 
dose of 50 mg /kg once daily, 
which produces deaths m some 
rats, IS comparatively low and has 
a peak of only about 14 mg /I 
That such a concentration should 
be toxic m rats is of mterest, 
because we beheve it to be readily 
tolerated by human bemgs , 700 
mg of paludnne have been admm- 
istered twice daily m man with 
only mild toxic effects (Adams et 
a!, 1945), while plasma concentra- 
tions of about 0,5 mg /I have been recorded twelve hours after doses of 500 mg 
twice daily (Maegraith ei al , 1946) The maxunal concentration m the plasma 
following the latter dose was found to be about 0 7 mg /I m one subject, who, 
however, showed minima l concentrations rather lower than normal (Maegraith 
et d , pmate communication) Smce the whole blood concentration m man is 
between 2 and 3 times the plasma concentration (Maegraith et al , 1946), it is 
reasonable to assume that blood concentrations between 1 mg and 1,5 mg /I 
are attamed followmg the a dminis tration of 500 mg twice dafly The comparison 
can also be made on the basis of plasma concentrations The maximal plasma 
concentration given m rats by the (toxic) dose of 50 mg /kg daily is 0 236 mg /I 
(Table V) Concentrations much higher than this have been frequently observed 
m man. A further pomt of difference between man and rat is the lower persistence 
of paludnne m the latter, illustrated by the low mmunal concentrations, and 
by the fact that the concentrations deterrmned after only one dose are very similar 
to those determmed after 7 doses 

It now became important to determme the blood concentrations associated 
with chrome toxic effects m other speaes We chose to examme the mouse and 
the chick because the mouse behaved like the rat m the matter of delayed deaths 
after parenteral mjection, whereas the chick did not Curves for whole blood 
concentrations m these two species are given m Figs 2 and 3 



B 24 


Fig 1 — Concentrations of paludnne m the whole 
blood of rats after the seventh dose of 50 
mg./)tg, (A) and 30 nig./kg (B) once daily 
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Fio 2 — Concentrations of paludnne m the 
whole blood of mice after the third dose of 
30 mg /kg once daily (A) and the fifth dose 
of 12 5 mg /kg twice daily (B) 



mg /kg. twice daily 


The curves for mice were determined on one group reccivmg 12.5 mg /kg. twice daily, 
a treatment which is apparently harmless, and on another receivmg 30 mg./kg once daily, 
a treatment which produces scattered deaths In the first group measurements were made 
after the fifth dose, m the second after the third dose. It will be seen that there is a good 
parallelism between the concentrabons toxic for mice and those toxic for rats, and that 
the general form of the curves is similar, the build up bemg neghgible. It will also be 
apparent that the same dose given to mice and rats on a weight basu will produce higher 
concentrabons m the mice. 

Curves for chicks were obtamed from ammals receivmg SO mg. /kg. twice daily 
Scattered deaths occur with this regime although about 30 to 50 per cent of the anim a l s 
will survive mdefimtely treatment given for 5 days Measurements were made after the 
fourth dose It will be seen that the peak concentrabons associated with a potenbal lethal 
effect m chicks are about 10 tunes as high as concenbabons assoaated with lethal effects 
m rats and mice. Also the build up is considerable, a residue of about 5 mg./L bemg 
left after the third and fourth doses The conbast between chicks on the one hand, and 
rats and mice on the other, is also well shown by the results of other experiments in which 
only one dose of 50 mg. /kg. was given to chicks. Peak concentrabons of paludnne in 
the blood rose to 3-4 rag /L and after 24 hours concenbabons of 1.5 mg /L were recorded. 


Discussion 

aearly a fundamental difference must exist between the metabolism of 
paludnne m rats and mice and its metabolism m chicks (and probably man) 
Certainly, the grosser aspects of distribution which can be measured chemically 
do not account for the differences m results In all species exammed so far the 
concentration of the drug m the plasma is about a third to a fifth that in whole 
blood, and the ratios between tissue and plasma concentrations (which vary frtm 
10 to 100/1 dependmg on the tissue) are snnilar We sought to emphasize Ae 
distinction between the chide and the rat, and the fact that the tissue distribu- 
tion of the drug does not reveal any explanation of it, by comparmg the con- 
centrations found m the tissues of rats and chicks followmg the seventh dose of 
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50 mg /kg once daily This treatment is lethal for some rats, but tolerated by 
chicks The blood and tissues of 3 rats or 6 chicks were used at each time 
mtervaL The residts are shown m Tables V and VI 

TABLE V 

DBTRIBUnOV OF PALUDRINE IN RATS FOLLOWING THE SEVENTH ORAL DOSE OF 50 MG /KG 

ONCE DAILY 


Tune 



mg 

base/1 or kg in 



Blood 

Plasma 

Lung 

Spleen 

Kidney 

Liver 

Brain 

Before 

0 403 

0 0693 

1 61 

0414 

0 577 

0 748 

0 

1 hour 

0 802 

0 0804 

434 

2 62 

3 03 

20 6 

0 


107 

0154 

11^ 

4 69 

914 

32.4 

trace 

4 „ 

1 40 

0^6 

17 9 

12J 

980 

301 

0 

6 „ 

0 723 

0144 

6 41 

1 95 

2 10 

11 9 

trace 

24 

0J20 

0 0671 

I 82 

0711 

0 947 

I 07 

(0123) 


TABLE VI 

DISTRIBUTION OF PALUDRINE IN CHICKS FOLLOWING THE SEVENTH ORAL DOSE OF 50 MG /KG 

ONCE DAILY 


Time 



mg 

bascO orke in 



Blood 

Plasma 

Lung 

1 Spleen 

Kidney 

Liver 

Brain 

Before 

325 

1 02 

72.4 

253 

92 6 

45 3 

■■ njjjB 


3 78 

1 31 

62.9 

26 6 

89 7 

618 


2 hours 

815 

284 

121 

73 8 

214 

136 


4 „ 

759 

2J8 

117 

57 6 

246 

104 


” 

5 91 

2.14 

103 

409 

177 

951 


24 „ 

2*95 

1 

0809 

75 6 

1X4 

53.9 

31 6 

15 1 


Although the treatment is tolerated by chicks, but fatal for some rats, the 
drug concentrations are uniformly higher m the chicks It would seem, too, that 
paludnne reaches the bram more readily m the chick than m the rat, a pomt 
which IS of mterest because, so fer as we are aware, such a speaes difference 
has not been demonstrated for any other drug Howev'er, this difference would 
hardly seem to have any bearmg on the high blood concentratioiis m the chick 
or the delayed deaths m mice and rats Surveymg the results of aH the expen- 
ments, we have come to the conclusion that the smiplest explanation of them is 
to postulate that paludnne, m mice and rats, is metabolized to a substance per- 
sistent m the body and more toxic than the drug itself , m chicks, and probably 
in man, the metabolism is either different quahtatively or, if it is similar, the 
degree of degradation to the toxic substance is much less The relevant facts 
can be summarized as follows 

1 Equivalent doses of paludrme give higher concentrations, and the drug is 
more persistent, m chicks than m mice and rats On the other hand, it is more 
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toxic for mice and rats than for chicks On the evidence so far available, it is 
probable that man behaves like the chick rather than like the rat or mouse 

2 Although paludrme appears to be removed so readily from the blood of 
mice and rats, delayed deaths may occur m both species and, after parenteral 
admmistration, an additive toxic effect can be produced by a second mjecbon 
given even 24 hours after the first 

3 The tissue distribution of the drug m its grosser aspects does not account 
for the differences m susceptibflity between chicks and rats Concentrations are 
uniformly higher m the chicks 

4 The distribution of 4430 (an Nj-methyl derivative of paludrme) m the 
body IS sunilar to that of paludrme (Spinks, 1946, 1947), but delayed deaths are 
not associated with its mjection mto animals 

5 Recoveries of paludrme from the faeces and unne of rats (and rabbits) are 
low, usually less than 30 per cent of the dose (Spinks, 1947), which contrasts 
markedly with what obtams m man, where they are much higher, often up to 
60 per cent (Maegraith et al , 1946) 


Summary 

1 Measurements of the toxiaty of paludrme for mice, rats, rabbits, and 
chicks are given 

2 Delayed deaths follow the mtravenous mjection of paludrme mto nuce 
and rats, and it is noteworthy that an additive toxic effect can be obtamed by a 
second mtravenous mjection given many hours after the first Delayed deaths 
do not follow the mtravenous mjecUon of the drug mto chicks, and m these 
animals an additive toxic effect is not produced by a second mjection 

3 Measurements of the concentration of paludrme m the blood of mice, rats, 
and chicks under vanous treatments showed that chicks tolerate much hi^er 
concentrations of the drug m the body than do mice and rats 

4 Gross measurements of the drug m the organs of chicks and rats on a 
similar treatment (50 mg /kg once daily) did not reveal differences sufficient to 
account for the difference m tolerance Because of this, and m the hght of other 
evidence which is presented, it is suggested that the metabohsm of paludrme m 
chicks IS different from what it is m rats and mice The facts would be explamed 
if paludrme, m mice and tats, were degraded m large measure to a substance 
more toxic than the drug itself 
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pA, A NEW SCALE FOR THE MEASUREMENT 
OF DRUG ANTAGONISM 

BY 

H. O SCinLD 

From the Department of Pharrrtacology, University College, London 
(Recefred Fetnacrr 1 1M7) 

When the activity of a drug can be exfiressed tn terms of a stable standard 
which does not differ from it quahtatively, there is no difficulty m getting repro- 
ducible results, smce all the assays tend to give the same answer, and any degree 
of accuracy can be attamed provided that the experiment is repeated sufficiently 
often. When, however, the activity of a new drug or drug antagonist has to be 
defined m terms either of some other drug or of some of its own effects, the 
results are not equally reproducible smce the apparent activity vanes m successive 
experiments, even though conditions are kept as constant as possible The 
difficulty of makmg results of one laboratory available to another is aggravated 
by the multiphcity of methods used and frequently by the lack of information 
of their vanabffity. this apphes particularly to methods of expressmg drug 
antagonism 

It would obviously be of advantage if some Common method of expressmg 
drug antagonism could be agreed upon In the present paper it is proposed to 
mtroduce a new measure of drug antagonism, pA, based on a suggestion made 
ongmally by C3ark and Raventos (1937) Apparatus and methods are described 
for determimng pA accurately on the gumea-pg’s ileum, and the activity of 
several known antagomsts of histamme and acetylchohne has been measured m 
terms of pA. The vanabffity of the pA measure has been estimated and 
methods are discussed of obtammg reprodudble lesults m the most econormcal 
way 

Apparatus 

All the expenmenls were done on the isolated Deum of the gumea-pig. The apparatus 
used for assaying drug antagonists is shown in Fig. 1 It consists essentially of a gut bath 
which can communicate with two alternative systems, one of which is filled with ordinary 
TjTode solution and the other with Tyrode solnuon containing the antagonistic drug , the 
latter solution can be replaced in the course of the experiment without interfering with 
the assay 

All the operations involved in an assay, except the injection of the drug, are performed 
autoraaticahy The principle of the method has been described before (Schild, 1946) 

“ Telephone relay’s arc converted to compress rubber tubmg. 'When the relays are activated 
the rubber tubmg is decompressed and fiuid is allowed to flow These relays control the 
emptying and filling and the adjustment of fluid level of an isolated organ bath. They arc 
activated at regular time mtervals through a telephone uiuselector which makes 12 successive 
r 
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Frotn Ano^nUt 
Stock Bottle 



Fig 1 — Apparatus for assaying drug antagonists Two /stock bottles provide the inflow , 
otie filled with Tyrode solution, and the other with a Tyrode solution of the antagonist 
drug. All the outflows are connected to a water suction pump The electro magnets 
compressmg rubber tubing are automatically operated through the selector circuit 
shown m Fig. 2 They are standard P O telephone relays of 3, 000-6, OW ohms resist- 
ance operated directly from D C mains, with a special armature made in our workshop 
The movement of the armature is controlled by two coded springs wluch tend to 
compress rubber tubmg of 2x4 mm diameter by means of a thm brass rod 

contacts m a cycle The duration of each contact is usually IS sec^ thus producing a cycle 
of 3 mm. The selector also controls the movements of the drum and a signal to time 
the mjection of drugs ” A diagram of the selector oremt is shown m Fig. Z* 

The present apparatus differs m the followmg respects from the one previously 
described 

1 An additional inflow relay is provided to control the inflow of the antagonisbc 
solution The two inflow relays are activated simultaneously, allowing one of the two 
solutions to flow into the bath accordmg to the position of t)ie 3-way tap By means of 

•All the component parts of the automatic apparatus, mclndmg A.C. mains-operated 
electro-magnets compressmg rubber tubmg, and AC-operated 12-step selectors, are now 
made by Messrs. Londeic, I td. 
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switch D (Pig. 2) the selector can be short-circmted and the inflow relays activated directly 
If the solu&on m the system containing the antagonistic drug is to be replaced, the 3-way 
tap a (Hg. 1) IS turned mto the null position, switch D is activated, and tap h is opened, 
allowing the solution to dram mto the exhaust. 

2. Switches A, B, and C control 
certam alternative arrangements of the 
cycle. By means of switches A and 
B the gut bath may be emptied and 
refilled twice in succession instead of 
only once. By means of switch C the 
signal may be adviced by 15 sec., 
penmttmg a longer penod of contact 
between drug and tissue. Table I 
shows the automatic operations per- 
formed m a Complete cycle together 
with the possible alternative arrange- 
ments. 

3 The outflows ane operated by 
suction. 

4 A new type of adjustment for 
telephone relays has been used to 
compress rubber tubmg. The adpist- 
ment is somewhat more compheated 
than the one previously described, but 
It IS more efficient and stable. It is 
illustrated m Fig. 1 

5 Two gut baths have been oper- 
ated simultaneously The baths were 
contamed m a large thermostatically 
controlled tank, stirred by a arculat- 
mg water-pump As a rule a lag 
period of 30 sec was mamtamed be- 
tween the two cycles, traemgs bemg 
recorded on two zodependeot dimns 
situated at opposite ends of the 
tank. 
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The writing lever used in these expemnents is illustrated in Fig. 3 



It may be asked to 
what extent these modifi- 
cabons of the usual Bum- 
Dale isolated organ bath 
arc essential for these 
experiments 

The purpose of the 
automabc apparatus is 
to ensure constant time 
intervals and bath 
volumes, to enable more 
than one assay to be per- 
formed at the same tune 
and in general to enable 
the experimenter to divert 
his attenbon from servic- 
ing the bath and drum. 
In pracuce the automatic 
apparatus has been found 
very useful, but it is obvi- 
ously not essential for 
canymg out these tests 
smee all the operabons 
can be performed by 
hand 


The mam purpose of adding the antagonisbc drug to the bath fluid before it reaches 
the gut, mstead of addmg it m the usual way by injecbon mtp the muscle bath, is to prevent 
the gut conung mto contact with pure Tyrode solution during the period of leplacement of 
the bath fluid when the effect of an antagonist on successive contractions is being investi- 
gated The present method is thus particularly suitable for investigating the effect of 
antagonists m relation to time, whilst both methods arc smtable for determining the effect 
of antagonists on a single cootracbon The old method is most suited for prelintinary 
experiments and for comparative measurements 

The purpose of the long writing point used on the frontal wntmg lever is to ensure 
that the relation between shortening of the gut and effect on the drum should he Imear 
This is especially important when the effects are measured m terms of a maximum contrac- 
tion The errors obtamed with a shorter wntmg pomt are, however, usually not excessive, 
unless a very short wntmg pomt is used or the angle of excursion of the lever becomes 
greater than about 30' from the horizontal , this may be prevented by means of two adju^ 
able stops limiting the excursion of the lever as shown m Fig- 3 The error^ay be 
calculated from fee formula given m a ptewous communication (Schild, 1944) m lever 
can be made practically isotonic by means of the screw adjustment shown on the pivot 
The adjustment may be tested by suspendmg an appropriate weight at the point of atech- 
ment of the thread. The lever should then balance m every position m which U is likely 
to be used The tension exerted by the lever m these experiments was of 600-800 mg. 


The following antagomst drugs were used m these experiments 

hicoautergan, or bl-p-methoxybenzyl-N-dimethylammoethyM-ammopyridine aad 

maleate (Bovet, Horclois. and Walthert, 1944) . ^ j ^ ^ 

Benadryl, or dimethylammoethyl benzhydryl ether hydrochlonde (Loew, Kaiser, 

and Moore, 1945) 
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Pethidine, or ethyl 4 - phenyl - 1 - methylpipcndine - 4 - carboxylatc hydrochlonde 
(Schaumann, 1940) 

Atropine sulphate. 


The pA Scale 

pA^ IS defined as the negative logarithm to base 10 of the molar concentra- 
tion of an antagonistic drug which will reduce the effect of a multiple dose (*) 
of an acUve drug to that of a smgle dose Thus, if the presence of a concentra- 
tion of 10^* molar pethidme m the bath fluid reduces the effect of 2 pg 
histamme to that produced, m the absence of pethidme, by 1 pg histamme, pA, 
pethidme-histamme=5 8 

It is obvious that a constant of this nature can refer only to a given drug- 
antagonist pair acting on a definite pharmacological preparation, e g , the gumea- 
pig’s ileum, and that a representative pA value must be the mean of several 
mdmdual determmations pA values are dependent on the length of contact 
between antagonistic drug and tissue, but they are apparently mdependent of 
the absolute concentrations of the active drug used These pomts will be 
discussed m detail later 

Method of determining pA, — ^The pnnciple of the method consists m findmg 
two concentrations of the antagomstic drug such that one will reduce the effect 
of a double dose of the active drug to shghtly less and the other to shghtly more 
than the effect of a smgle dose The concentration correspondmg to pAj is then 
computed by mterpolation on a loganthmic scale 

The following results justify to 
some extent the use of a loganth- 
mic scale for interpolation In a 
senes of pA, determinations a third 
concentraUon of antagonist was 
added to test for lineanty between 
log concentration of antagonist and 
effect. The pomts, plotted on a 
loganthmic scale m Fig 4, each 
point represenUng the mean of 
several detemunations, fall on 
approximately straight Imes. 

In order to get reliable 
results a constant submaximal 
response to the stimulant drug 
must be produced before addi- 
tion of the antagonist, 10-20 
prehmmary contractions may 
be requned to achieve this At 
this pomt the muscle chamber 



Fig 4 — Gumea-pig ileum Pe thidin e-his tamin e- 
Approxxmately hnear relation between log 
concentration of pethidme and reduction of 
histamme effect. 
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IS joined to the syston containing a Tyrode solution of the antagonistic drug, 
which now replaces Tyrode solution when the bath fluid is changed At the next 
injection the dose of active drug is doubled Injections of a double dose of 
active drug in the presence of the antagonist are continued for several periods 
(usually five penods) in order to observe whether the efiect of the antagonist 
increases with increasing length of contact Eventually the bath fluid is switched 
back to Tyrode solution to test for persistence of antagonistic eficct and the 
assay is concluded by producing a senes of maximal efiects A second concen- 
tration of antagonist is investigated in the same way, usually on a fresh piece of 
gut, and the results, expressed m terms of the maximal contraction, are used 
for mterpolatmg pA, values after vanous penods of contact with the antagonist 

As m these experiments the automatic apparatus was set to produce mtervals 
of 3 mm. between mjections and pauses of 2 mm between completion of change 
of bath fluid and the next mjection, the first pA measurement was made when 
the antagonistic drug had been m contact with the tissue for 2 mm and further 
determinations at 3 min mtervals Dunng this penod the tissue never ceases 
to be m contact with the antagonistic drug which is contamed m the bath fluid 
Itself, and an even flow of stimulation at constant mtervals is mamtamed as the 
period of contact with the antagonist is gradually mcreased 

Although tedious, the use of a fresh piece of gut for each concentration of 
the antagonist has been found to be the most satisfactory procedure when the 
effect of the antagonist is persistent In our experience, variations m sensitivity 
to the action of antagonists of different segments of the same gut are remark- 
ably small and are not correlated with variations m sensitivity to the stimulant 
drug, provided that pieces which are obviously damaged and msensitive are 
rejected Although it is advantageous to use two pieces of gut snnultaneously, 
this is not essential, smce the gumea-pig ileum does not seem to alter appreciably 
m sensitivity if left m clear Tyrode solution at room temperature for several 
hours 

Fig 5 (p 205) illustrates two complete pAj determinations done on six seg- 
ments of the same gut The object was to determme pA, values after a short 
period of 2 mm. and after a long period of 14 mm contact with the antagonist 
The foUowmg two examples, quoted from the expenment shown m Fig 5, 
illustrate the method of computing pA, 

pA, benadryl-histamlne (2 min contac/)— After 2 min contact between muscle and 
antagonistic dmg a double dose of biEtamme In lO"’ ’* molar bcnadryl (1 300 million) 
produces an effect which is 7 per cent (of the maximal effect) greater, and a double dose 
of histamine in Kh'"** molar benado'l (1 100 million) an effect 11 per cent smaller, than 
that produced by a smgle dose of histamine m Tyrode By mterpolation the molar concen- 
tration of benadryl which would Just reduce the effect of a double dose of histamme to 
that of a single dose u 10"’ ” (1 195 milHon) Hence pA, (2 mm contact)=775 

pA, neoantergon-hlstainlne {14 min contaci) — When the antagonist has been in contact 
with the muscle for 14 min (5th injection in presence of antagonist) a double dose of 
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histamine m 10-’” molar neoantergan (1 9,000 million) produces an effect 7 per cent 
greater, and the same dose m 10-’ “ molar neoantergan (1 3,000 mOhon) an effect 10 per 
cent smaller, than a smgle dose of histamme m Tyrode By mterpolation pAi (14 mm 
contact) =9^6 

Independence of pA and concentration of antagonist — Since the absolute 
concentration of the active drug does not enter into the defiiution of pA, it was 
of interest to find out whether the depression produced by a certain concentra- 
tion of the antagonist was, in fact, independent of the concentration of active 
drug used Although this is generally accepted as true (Gaddum, 1937), it 
seemed worth mvestigatmg the pomt, usmg a properly randomized experimental 
design which could be statistically analysed 



0 1 0-2 

Log concentration of histamine 


Fig 6 — ^Effect of a constant dose of pethidme (P) 
on contraction produced ^ vanous concen- 
trations of histamme (H) The depressor effect 
of the antagonist js mdependent of the contrac- 
Uon produced by the active drug Upper 
curve histamme alone. Lower curve double 
dose of histamme-hpethidme. 


The expenments were ear- 
ned out as follows Several 
doses of the active drug alone 
and of the active drug plus 
antagonist were admmistered 
If the antagonist produced the 
same amount of depression at 
each concentration of the active 
drug, the concentration-action 
curves m the presence and 
the absence of the antagonist 
should be parallel Doses were 
administered repeatedly m a 
random order, and the results 
■were analysed by means of 
analysis of vanance for statis- 
tically sigmficant deviations 
from parallelism 

Five such experiments were 
performed , three with pethi- 
dme-histamme, one with atro- 
pme-acetylchobne, and one with 
pethidme-acetylcholme One of 
the expenments is fllustrated m 
Fig. 6, each pomt on the curve 
representmg the mean of four 
determinations It will be seen 
that at each level the reduction 


of the histamme effect by pethidme was approximately the same There was no statistically 
sigmficant deviation from parallelism between the two curves Similar results were obtamed 


m the other experiments. 


Antagonism of Neoantergan, Benadryl, Pethidine, and Atropine Towards 
Histamine and Acetylcholine 

The activity and relative specificity of these antagonists of histamme and 
acetylchohne can be convemently summarized m terms of pA. In Fig. 7 the 
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two vertical lines represent pAj scales for antagonists of histamine and acetyl- 
cholme The activity of an antagonist towards these drugs is indicated by its 
position on the scale, one scale division correspondmg to a tenfold difference in 
activity Pomts on the two scales referring to the same antagonist are jomed 
If an antagonistic drug does not discriminate between two active drugs, the line 
jommg the scales is horizontal , if it discnmmates sharply the Ime is steep, as 
with neoantergan and atropme Neoantergan is the most discnmmatuig of 
the four antagonists, bemg 40,000 tunes as active against histamme as it is agamst 
acetylcholme Atropme is 1,000 times as active agamst acetylchohne as it is 
agamst histamme Pethidme, on the other hand, discnmmates hardly at aU 
between the two 

A smgle pA value is not sufficient to characterize an antagonist fully To 
descnbe fully the relation between a given antagonist and an active drug it 
would be necessary to state completely both the trme-achon and the concentra- 
tion-action relations of the system Short of this, four characteristic pA values 
have been selected m the present study which together give some mdicahon of 
the change of activity of an antagomst with concentration and with time The 


pA, pA, 

mtn 14 min 

Histamine Acetylcholine 



Histamine 
pA, pA, pA„ pA^ 
2 14 14 2 




Fig 7— pAj scales of histamme and acetyl- 
cholme At the tune of measurement the 
antagomst had been m contact with the 
tissue for 14 min The results may be 
taken to represent approximately eqm- 
libnum conditions 


Fiq 8 — ^Each antagonist of histamme and 
acetylcholme is characterized by four 
pA values Note quahtative differences 
between antagonists with regard to m- 
crease of action with time and pAj— pAn 
difference 
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following four pA values have been selected for this purpose the pAj \alues 
after 2 and 14 mm contact and the pAm values after the same two penods of 
contact. 

A 14 min, penod of contact with the antagonist (corresponding to five consecuU\e 
contractions in the presence of an antagonistic drug) has been arbitrarily chosen as repre- 
senting approximately equilibnum conditions, since at that time there is usually not much 
further mcrease of depression It would, of course, be preferable always to establish true 
eqmhbnum conditions, but it was found that in some instances the effect of the antagonist 
appeared to mcrease mdefimtely , when this happens it becomes difficult to distmguish 
between the effect of the antagonistic drug and that of a spontaneous detenoration of the 
preparation, and true eqmhbnum conditions cannot be established. 


A convement method of summanzmg the four pA values is shown, below 



Atropme — Acet} Ichoilne 


Pethidme — Acet} Icholme 


pA. 

pAio 

pAj-pAjD 


pAj 

pAio 

pAr-pAjo 

2' 

8 37 

ni 

0 65 

2 

5 79 

4 69 

1 10 

14' 

8 77 

8 05 

0 72 

14 

5 89 

4 71 

1 18 

14'-2 

040 

0 33 


14-2 

010 

002 



The data are taken from three experiments m which pethidme was tested 
agamst acetylcholme and three further expenmenls m which atropme was the 
antagomst, each experiment bemg complete m the sense that all the four pA 
values were determmed m the course of a single assay When the data are 
tabulated m this manner the row differences provide a measure of the steepness 
of the concentration-action curve, and the column differences mdicate changes 
of activity with tune Pethidme and atropme differ m both these respects The 
row differences are of the order of 07 for atropme and of 1 1 for pethidme, 
mdicatmg that m order to compensate for a fivefold nse of acetylcholme the 
concentration of atropme has to be raised fivefold and that of pethidme thirteen- 
fold The difference is statistically significant. The differences m the columns 
show that after 14 mm contact the effect of atropme is over twice that after 
2 mm contact, whilst the effect of pethidme mcreases hardly at all dunng 
this penod 

The difference between pA. and pA„ provides a quantitative test for the h>pothesis 
that antagonists compete with drugs for receptors according to a simple mass action rela- 
tion It can be shown that the mass action equation as developed by Graddum (1937) for a 
first order reaction requires a mncfold increase of antagonist corresponding to a fivefold 
mcrease of active drug between pA, and pA„ Straight proportionality between drug and 
antagonist at low concentrations of the antagonist is presumptive evidence agamst the 
existence of a simple mass action relation 
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The results of pA determuiatjons are summarized in Table n Each drug- 
antagonist pair 13 characterized by four pA values The figures given are mean 
values, the total number of mdmdual determmations and their standard devia- 
tion bemg mdicated m the Table Fig 8 shows some of the differences between 
antagomsts as revealed by the measurement of four pA values for each Apart 
from differences m their general activity, antagomsts also show characteristic 
diferences m time-acton and concentration-action relations The hnes 30imng 
the outer scales to the two mner scales represent increases of activity with tune , 
these are greatest m the two most active antagonists The Imes joinmg the two 
inner scales mdicate differences between pA^ and pAio (at approximately 
equihbnum conditions) This difference is smallest with the pair atropme- 
acetylcholme, which provides the only mstance of straight proportionahty 
between concentration of drug and antagomst In all other cases a tenfold or 
greater mcrease of antagomst concentration is required to balance a fivefold 
mcrease of drug concentration 

One of the most mterestmg findmgs has been a complete lack of correlation 
m the behaviour of the same antagonist when tested agamst two different drugs 
This apphes both to time-action and concentration-action relations Thus, the 
effect of neoantergan after the first 2 nun contact mcreases htde further agamst 
acetylcholme, but contmues to mcrease steeply agamst histamme As for con- 
centration-action curves, atropme has a steep concentration-action curve against 
acetylcholme and a relatively flat One against histamme These results suggest 
that when the same antagonist antagonizes two different drugs the mechanisms 
myolved may be quite different 

After-effects of antagomsts — ^The rate of recovery after the antagonist has 
been removed from the bath vanes m much the same way as the rate of develop- 
ment of the effects, and here agam the same antagonist may be persistent when 
assayed agamst histamme and non-persistent agamst acetylcholme and vice 
versa. Fig 5 shows examples of slow (neoantergan) and quick (benadryl) 
recovery from antagomsts on the same preparation 

A cunous after-effect which occurred at tunes, especially with neoantergan, 
is shown m Fig 9 (p 205) the maximum depression of the effect of histamme 
did not take place m the presence of neoantergan, but shortly after it had been 
removed from the bath, as if the act of washmg out the antagomst had further 
mcreased its effect 


Variabiuty of pA Determinations 

Determinations of pA, pethidme-histamme were made m 19 different expen- 
ments sprea(i\ovei'\a period of over one year The results were distributed as 
shown m Fig iO 'The variations of pA mdicate a 3,2-fold (or, omittmg one 
result, 2 4-foId) ^ variation m the sensitivity of the tissue The shape of the 
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distribution curve suggests sampling from a non-homogeneous population. In 
10 of these experiments two or more pA, determinations were made on the same 
gut and consequently variation between animals could be compared with varia- 
tion m successive tests on the same animal by means of Fisher’s Z test. The 
resultmg Z value was highly significant, suggestmg that there is true variation 
between gumea-pigs m then sensitivity to antagonists 


TABLE n 

RESULTS OF pA DETERiaKATIONS 

The total number of mdividnal detennmations is given m parentheses and a is the 

standard deviation. 


o 

> bo 

■55 

Antagonist 

pA, 

pAi, 

<-a 

2 nun 

14 min 

2 min. 

1 14 nun 


Atropme 

8.27 (11) 
a - Oil 

8 61 (11) 
<7-015 

7 72 (3) 

<7 - 007 

8 05 (3) 

<7 — 0 13 

I 

’o 

Benadryl 

6 49 (3) 
a - 0 07 

6.57(3) 

<7-009 

5J6 (2) 
a - 006 

5 4(2) 

<7 - 004 

1 

Pethidine 

5 79 (3) 

- 0 07 

5 84(4) 

<7 — 0 14 

4 7(4) 

<7 - 005 

4 76(5) 
<7-015 


Neoantcigan 

471 (2) 

«r - 006 

4 86 (2) ’ 

<7-009 

1 



Neoantergan 

8 71 (4) 

<7 - 0 15 

9 46(5) 

<7 - 0.22 

7 99 (1) 

8 J6 (1) 

0 
c 

1 

1 

Bcnadiyl 

7 75 (8) 
a - 0 1 

8 02 (9) 

<7 - 0.28 

6 74 (4) 
a - Oil 

7 02(4) 
<7-0 31 

« 

Pethidme 

5 78 (19) 
<7-0-14 

613(5) 

O’ — 0 46 

4 84(5) 

<7 - 0 17 

5 0(5) 

.7 - 0.21 


Atropme 

5 73 (3) 
<7-0.22 

5 64 (3) 
a - 0 18 

4 63 (3) 

<7 - 0.24 

4 6(3) 

<7 - 0.24 


pA measurements are more variable after long penods of contact with 
the antagonist than after short penods The foUowmg standard deviations 
summarize the variation encountered for the four different types of pA 
measurements 



Standard 

Degrees 


deviabon 

of freedom 

pA, 2 mm contact* 

013 

31 

pA„ 2 mm. contact 

014 

15 

pA, 14 mm contact 

0.25 

34 

pA„ 14 nun. contact 

022 

16 


•Omitting pethidme-histamine. 












































200 


H O SCHILD 


The standard deviation is nearly twice as great after 14 mm as after 2 mm 
This IS somewhat surpnsmg. smce variation might be expected to become less as 
equilibnum conditions were approached The mcrease m vanabflity may be 
partly due to spontaneous changes m sensitivity of the preparation durmg the 
longer period of contact. 



Fig 10 — Frequency distnbuUon of pAj values for pethidme- 
histamine obtained after 2 mm contact between drug and 
antagonist , 19 experiments 


The Use of Comparative Assays for Determining pA^ 

It has been shown that animals vary m their sensitivity towards mdmdual 
antagonists and that this vanation is greater when the pcnod of contact of 
antagonist with tissue is long than when it is short It seemed possible that some 
of this variability might be elimmated in a comparative assay m which one 
antagonist was pitted agamst another antagonist Such an experiment, mvolvmg 
repeated injections of each antagonist, might possibly be earned out on a smgle 
piece of gut so long as excessive depression by the antagonists was prevented by 
keeping the penods of contact short and by givmg numerous “recovery” 
mjections of the stimulant drug, after washmg out the antagonist 

Six experiments were performed in which the action of pethidine towards histamine 
was compared with that of atropine on a single preparation The experimental plan of 
these assays was similar to one previously used by the author (Schild, 1942) for histamine 
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assays In the histamine assay only two concentrations of the standard and two of the 
unknown are used These concentrations are given m a random order in successive 
randomized groups ” of four, and the results are eventually computed and analysed statis- 
tically on the assumption of a linear relation between log dose and effect In the present 
experiments the place of four concentrations of histamme is taken by two concentrations 
of each antagonist administered 2 nun before the mjecuon of a constant dose of histamme 
In addition several mjections of histamme alone are given following each administration of 
the antagomst until the sensitivity to histamme has been apparently restored Fig. 1 1 shows 
parts of two such experiments In bolhf cases a ‘ randomized group ” of four doses of 
antagonist is represented, a complete experiment consistmg of several (2-4) such “ random- 


RS8 


2P 2A 


R6S 



Fig 11 — Comparisons of activity of pethidmc and atropme to- 
wards histamme on a single piece of gut. Extracts from two 
such cxpenmenis The sobd hues represent effects of hista- 
mme m the presence of an antagomst which has previously 
been m contact with the tissue for 2 nun^ the dotted hues the 
effects of the same dose of histanune alone administered at 
3 mm mtervals until sensitivity is restored As far as possible 
approximately equally depressant doses of pethidine and atro- 
pme were used, pethidine bemg more than twice as active as 
atropme The final ratio of activity is calculated by assuming 
a common slope for the two antagonists and a hnear relauon 
between log concentraUon and effect. 


ized groups In one of these expenments the antagomsls produced httle after^iffect , m 
the other a prolonged depression necessitatmg many “recovery” mjections In all the 
expenments slaUshcal anal>sis showed saUsfactory parallelism between atropme and pethi- 
dine slopes The results of these compansons, w'hich were done at vanous Umes and on 
different stocks, were remarkably constant The following figures of the loganthm of the 
ratio pethidine /atropme were obtained 033, 036, 037, 034, 0 3, 033 

pA; caropine-hisianwie by direct and indirect method— pA values may be 
determined directly without reference to another antagonist, or mdirectl}^ by 
measuring m a comparative assay, such as the one outlined above, the actmtj' 
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of an unknown antagonist in relation to one whose pA is already established, 
and computing the unknown pA by addmg to the known pA the logarithm of 
the ratio of molar activity of the two antagomsts Thus 

pAj (atropme-histamme, 2 mm)=pAj (pethidme-histamme, 2 mm) -034 

=5 78 - 0 34 = 5 44 

This method would seem to be economical provided that the results agree 
with those of direct determinations , this, however, is not entirely the case There 
IS a slight discrepancy between direct and mdrrect pA determinations which 
suggests that, although m comparing the activity of antagonists on a sm^e piece 
of gut a 2 mm. period of contact was adhered to, the gut responded m fact 
as if the penod of contact had been longer Indeed, the results agree better 
with direct pAj determinations done after 14 mm contact, as the foUowmg data 
show 



pA, 

Comparison 

pA, 


(2 nun 

on same gut 

(14 mm 


contact) 

P mm. contact) 

contact) 

Pethidme-histamme 

5 78 


613 

Atropine-histamine 

5 73 


564 

Log ratio 

atropme 

005 

034 

049 


These results might be explained by assuming that in companng antagonists on a smgle 
preparation they are never completely removed m spite of repeated washings 

In comparing two antagonists on the same gut the result may be vitiated by certain 
systematic errors unless care is taken that the effect of a previous dose has subsided at the 
tune the next dose is added, especially when the two antagonists have different modes of 
action. The following example illustrates the pomL 

Antagonist (a) is to be compared with antagomst (b) , their effects are additive but (a) 
has a persistent action and (b) a readily reversible action. Y^en (a) is added to the bath 
some of Its effect persists after it has been removed. If a depression is produced by (a) and 
matched at the next mJecUon by a depression produced by (b) the real effect of the latter, 
actmg as it does on a depressed preparation, is less than it appears At the next injection 
the same concentration of (a) reproduces its old action, the effect of (b) havmg worn off 

Comparison of antagonists on separate pieces of the same gut — ^In these 
experiments direct pA determmations on two different antagonists were done 
simultaneously usmg a separate piece of gut for each antagonist and each con- 
centration, all the segments bemg taken from the same gumea-pig Variability 
between gumea-pigs was thus eliminated. 

An e xpe r im ent of this kind comparing the action of neoantergan and 
benadryl towards histamme is illustrated m Fig 5 The results of this and two 
further similar experiments are shown m Table HI 
The foUowmg pomts may be noted 

(D The difference between pA, values at 2 mm contact is remarkably constant, more 
constant than the absolute values This confirms previous conclusions that the gut vanes 
simultaneously m senatmty towards different antagonists 
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(ii) Increase of activity witli tune (pAj 14 min -p A. 2 mm ) vanes, but it is m each case 
considerably greater with neoantergan than with benadryl 

(ui) At 14 nun pAj values and their differences vary more than at 2 min This confirms 
previous conclusions 

In conclusion it may be said that comparative measurements definitely 
elimmate a certam amount of variation Compansons on a smgle piece of gut 


TABLE ra 

pAj NEOANTERGAN-HISTAMINE AND BENADRYL-mSTAMINE DETERMINED IN THE SAME 
EXPERIMENT USING A SEPARATE PIECE OF ILEUM FOR EACH CONCENTRATION OF ANTAGONIST 




pA- values 

pAj neoantergan 
— pA- benadryl 



neoantergan 

benadryl 

R.205 

2' 

8 91 

7.94 

0 97 


14' 

9 76 

8J5 

141 


14'-2' 

0 85 

0 41 

1 


R.206 

2' 

8 61 

766 

0 95 


14' 

960 

7 78 

1 82 


i4'-r 

1 

039 

012 


R.207 

2' 

8 65 

ns 

050 


14' 

9 36 

8.26 

1 10 


14'-2' 

0 71 

0.51 



are efficient m the sense of allowmg many determinations to be made m a 
relatively short time, but they may be affected by systematic errors owmg to 
persistence of antagomstic effects. Compansons on separate pieces of gut are 
labonous but free from objections and give a more complete picture, smce the 
time factor may be taken mto account 

Discussion 

Clark and Raventos (1937) proposed to use as a measure of activity of an 
antagomst the concentration which would neutralize the effect of a tenfold 
mcrease of active drug One of the chief ments of this measure is that bemg a 
null measure, and mvolvmg no change m response, it is mdependent of the 
method of expenmentatioa used, and yields results on different preparations 
which are directly comparable 

pA is based on the same idea as the measure adopted by Clark and Raventos, 
but It IS expressed m a rather more convemrait form. It may be used to define 
the activity and specificity of an antagonist its time-action relations and the 
trend of its concentration-action cun-e pA values are additive , for mstance, 
m order to express the total activity of a compound agamst both histamme and 
acetylcholine, the respective pA values may be added together 
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The activity of an antagonistic drug may be expressed in one of two ways, 
by reference to another antagonist or by some measurement not involving a 
comparison with another drug Since the activity of a drug cannot as a rule be 
expressed accurately in terms of another drug which is quahtatively difierent, 
the comparative method gives an mcomplete and often iruslcadmg picture of the 
activity of an antagonist Moreover, unless a definite common standard has 
been agreed upon, results from different laboratones are difficult to correlate 
Comparisons may nevertheless be useful m practice owing to then greater 
economy of tune and effort, especially when a senes of related compounds is 
bemg mvestigated withm the same laboratory This question has been discussed 
m detail above 

The real test of the usefulness of a measure of drug antagonism is whether 
the results can be reproduced m another laboratory Vanations occurring 
within the same laboratory can be overcome by repeatmg the expenment and 
by random selection of experimental ammals, but systematic vanations between 
different laboratones present a more difficult problem At present it is not 
known whether pA will be affected by such systematic vanations or whether 
results in different laboratones will fall withm the range of vanations ohtamed 
with a highly mixed stock of animals in an individual laboratory If important 
variations m sensitivity between laboratones should occur, one way of ehminatmg 
them would be to use m this type of work a homogeneous stram of gumea-pigs, 
available to all the laboratones concerned Faihng this, it might become neces 
sary to fall back on the method of establishmg differences of pA between 
antagonists rather than absolute pA values m the hope that the former would 
be less subject to laboratory variation than the latter The use of an agreed 
measure of drug antagonism should, at least, make it easier to detect the 
occurrence and extent of such vanations 

Summary 

1 Clark and Raventos (1937) suggested a method of estimating antagonistic 
power m terms of “ the concentration of antagonist which altered by a selected 
proportion (e g , tenfold) the concentration of an active drug needed to produce 
a selected effect” The negative loganthm of this (molar) concentration has 
been termed pA^, where x is the proportion selected On the guinea-pig’s ileum 
the value of pA appears to be mdependent of the degree of contraction produced 
by the active drug Methods are desenbed for detenmmng the value of pA 

2 pA IS a statistical constant To obtam a representative value of pA for 
a given tissue, antagonist and active drug, the mean of a random sample of 
determinations on different mdividual animals must be determined. pA values 
were found to vary by 0 4 to 0 5 of a umt when the period of contact of the 
muscle with the antagonist was short , at long penods of contact vanabihty was 
mcreased Vanabihty may be reduced by comparing the activity of one 
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Fig 5 — Neoanterean-histaraine and benadryl-histamme Complete pA. assay The whole 
assay of the two antagonists was done on the same animal a separate piece of ileum 
was used for each concentration of antagonist Before the addition of the antagonist 
the preparations were stabilized by a senes of preliminary histamine inje«ions 
A-B 0 5 /ig histamine Tyrode B-C 1 0 MS histamine antagonistic solution 
C-D 1 0 /ig histamine Tyrode D maximum effects Bath volume = 18 cc 


Fig 9 — Neoantergan-histaminc 
After-effect of antagonist 
Immediatelj after removal 
of the antagonistic drug 
from the bath there is a 
further increase of depres- 
sion H =double dose of 
histamine 
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antagonist with that of another Methods are descnbed for making such com- 
parisons m an efficient way and possible objections to a comparative method 
are discussed 

3 The activity of neoantergan, benadryl, pethidine, and atropme m antagon- 
izmg histamine and acetylcholine has been determined in terms of pA on the 
gumea-pig’s ileum All these antagonists act against both histamme and acetyl- 
cholme, though at widely differing concentrations and m a qualitatively different 
way, as shown, for mstance, by the time taken for equilibrium conditions to be 
reached By characterizing each drug-antagonist pair by four pA values a more 
complete picture can be obtamed of activity as mfluenced by duration of action 
and by concentration 

I am indebted to Dr F Bergcl, bf Roche Products Ltd , for supplying Pethidine to 
Dr J S White, of Parke Davis & Co,, for Benadryl , and to Dr R Wien, of May & Baker 
for Neoantergan TTie special armatures for converting P O relays into fluid switches were 
designed and made by Mr B F Ballhatchet The drawings are by Mr A Boura 
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SOME ACTIONS OF 

^-HYDROXY-a/9.DIPHENYLETHYLAMINE 

BY 

C B B DOWNMAN 

From the Sherrington School of Physiology, St Thomases Hospital, London, S E I 

meceJred M»rdi 11. 19471 

Morphine being a pharmacologically active denvative of phenanthrene 
Dodds, Lawson, and Williams (1 944a) sought a morphme analogue on the same 
Imes as their discovery of stilboestrol — ^an mtensely active analogue of another 
phenanthrene denvative, oestradiol They found that diphenylethylamme and 
seventeen related compounds possessed m diffenng degrees some of the properties 
of morphme , these were depression of nghung reflex m rats, elevation of blood 
sugar m rabbits, and hyperexcitabflity, pupil dilatation, and vomitmg m cats 
Some compounds of this senes also possessed some analgesic properties when 
tested clinically Of these the most promismg was diphenylethanolamme or 
/3-hydroxy-ajS-diphenylethylamine, which may be considered to have the same 
structural relation to morphme as stilboestrol has to oestradiol Later (Dodds 
et al , 1944b) it was shown to be effective only m cases where the pam was 
associated with pressure on nerves The possible therapeutic uses of this 
substance, called M4 m their senes, justified an mvestigation of its general 
pharmacclogical actions 

Tiffeneau, Levy, and Boyer (1928) found that diphenylethanolamme caused 
weakening of the beat and slowmg of the isolated snail and frog heart, and 
also of the exposed heart of chloralosed dogs The substance also caused 
relaxation of isolated mtestme transient fall of artenal pressure m chloralosed 
dogs, but gave a vasoconstnction of the perfused isolated frog leg. Hasama 
(1930) showed that the fell of blood pressure mduced by the substance m 
urethamzed rabbits was still obtamed after vagotomy or atropme The vessels 
of the isolated rabbit ear were dilated by diphenylethanolamme, even m the 
presence of atropme . smce the dilator action could antagonize banum chlonde 
v’asoconstnction Hasama suggested that the activities of the substance were the 
result of a dmect toxic action on smooth muscle Tamter (1933) and Dodds, 
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Lawson, and Williams (1944a) also noted the depressor action and the latter 
authors commented on the dilatation of the pupil and general hyperexcitability 
of unanaesthetized cats followmg intramuscular injection of the substance 
In this paper is presented confirmation and extension of the previous work 
with an analysis of the site of action of the substance The actions of ;S-hydroxy- 
a^-diphenylethylamme hydrochloride, which will be referred to as M4, were 
tested on the following mammalian tissues (a) small mtestine, (h) cardiovascular 
system, (c) the pupil of the eye 


Methods 

For studies on isolated intestines and heart, rabbits were killed by stunning Pieces of 
small intestine were suspended in a bath of oxygenated Tyrode soluUon (formula in Bayliss 
1924) at 37-38 C and pH 7 4, and the contractions of the longitudinal muscles recorded 
The coronary arteries of the heart were perfused with oxygenated Ringer-Locke solution 
(formula in Bain 1938) at 37—38 C and pH 7 4, through a cannula in the aorta , move- 
ments of the right ventncle were recorded, the heart being steadied by pinning the apex 
For perfusion of the hind quarters, rabbits and cats were used , the former were killed b\ 
stunning, the latter had been anaesthetized with chloralose (60-80 mg /kg. intravenously) 
for other expenmenls A cannula was inserted in the lower aorta and the legs were perfused 
with Ringer Locke solution at 38 C and pH 7 4 by a Dale-Schuster perfusion pump, the 
inflow pressure being recorded with a mercury manometer 

Blood pressure changes were recorded in cals anaesthetized with chloralose (60 mg /kg 
intravenously in preliminary ether anaesthesia) or with nembutal (0 5 c c nembutal solution 
(AbboU)/kg intrapentoneally) Carotid arterial pressure was recorded by a mercury 
manometer To assess the action of M4 on the vessels of different tissues the volumes 
of a hind paw of the opposite skinned hind leg, and of a 2-in length of small intestine 
were recorded optically on photosensitive paper (Downman, Goggio, McSiviney and Young 
1943) in these expenments the arterial pressure was also recorded optically on the same 
paper The organs were enclosed in plethysmographs, the leg plethysmograph enclosing 
the skinned leg from upper thigh to ankle but the skin of the same paw and its venous 
drainage were left intact outside the plethysmograph 

For expenments on the pupils of cats slit-hke pupils were produced in two ways 
First, the animals were anaesthetized with chloralose (80 mg ^kg intravenously) given in 
preliminary ether anaesthesia (McDowall 192S , Bain, Irving, and McSwiney, 1935) 
Secondly, under ether anaesthesia cats were decerebrated through a trephine opening in 
the cranium, the plane of section curving downwards and forwards from the upper edge 
of the infenor colliculi to the sphenoid eminence, leaving the hypothalamus and adjoining 
structures intact The carotid artenes were temporanlj occluded by clips and the vertebral 
arteries by digital pressure, but they were released as soon as possible As the animal 
excreted its ether the pupils closed down to slits If restoration of blood flow to the brain 
stem was delayed too long the pupils might not constrict The occulomotor nerve could 
be exposed by tearing the dural covering over it on its way to the orbit 

Stock solutions of M4 were made by dissolving the hydrochloride in distilled water 
without heat, to give 2 or 5 per cent (w/v) solutions Dilutions were made from the stock 
solution mto the appropriate physiological salt solution It should be noted that solutions 
of M4 are acid and simple neutralization throws the base out of solution AH doses arc in 
terms of the hydrochlonde Injections into the cat were made into the superficial vein of 
the right foreleg 
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, . c- Results 

(a) Small intestine 

Isolated small intestine of rabbit was relaxed by M4 and the rhythmic move- 
ments diminished m amplitude The lowest concentration found effective was 
1 m 20,000 The loss of tone was rapid at first, but was followed by prompt 
recovery of tone and activity on washing (Fig 1) M4 was active on the 
atropmized intestine and antagonized the spasm 
produced by acetylcholine, esenne, prostigmme, and 
banum chloride Whereas M4 relaxed the gut, 
snnilar concentrations of morphine sulphate pro- 
duced a slow increase of tonus 

Aqueous solutions of M4 being acid — e g , 
pH 5 3 for 2 per cent (w/v) solution — it might be 
argued that the spasmolytic action represents no 
more than the action of an acid solution Indeed 
there \vas a noticeable fall of pH, shown by addmg 
phenol red to the Tyrode solution, after addition of 
an active quantity of M4 Advantage was taken 
of the buffering power of plasma The pH of 
hepannized rabbit plasma was 7 40 After the 
addition of 1 volume of 2 per cent (w/v) aqueous 
solution of M4 to 4 volumes of plasma the pH of 
the mixture, measured with a glass electrode pH 
meter, was the same as that of the onginal plasma 
The buffered M4 produced the same changes of 
intestinal activity as unbuffered M4, when each was 
added to the Tyrode bathing the mtestine to the 
same final concentration of M4 
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Fig I — Action of h>droxy- 
diphe nylethylamine 
upon longitudinal move- 
ments of rabbit duode- 
num suspended in 
Tjrode solution M4= 
addition of 2 per cent 
solution to gi\e a final 
solution of 1 5 000 W = 
wash Time signal = 
30 sec 


(b) Cardiovascular s^'steni 

Isolated rabbit heart — 0 1 to 0 2 c c of 2 per 
rent (w/v) solution of M4 injected quickly mto the 
perfusion cannula produced a sharp decrease of 
amplitude, with not more than 15 per cent slowing 
of the beat The heart recovered steadily m the 

next 5 minutes Similar results were recorded when the same doses of M4 were 
diluted with 0 8 c c rabbit plasma before injection, whereas plasma alone usually 
produced a slight increase in the amplitude of beat 

Faradizing a x^agus nerxe supplying the isolated heart caused slowng and 
weakening of the beat At the height of the M4 action xngal stimulation 
produced no or but slight slowing of the beat It w’as noticed also that the 
amplitude of the beat might be a little increased during the stimulation 
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25 sec. 42 sec IS min 


Fio 2~AcUon of hydroxy-diphenylethylamine on the isolated perfused rabbit 
heart Tracing shows movements of right ventricle M4= injection of 2 mg, 
hydroxy-diphenylethylamine HCl into aorUc perfusion cannula, bufiered by 
mixing 1 vol 2 per cent solution of M4 with 4 vol rabbit plasma Ach = 
infection of 2 jig acetylcholine in 0 2 c c Ringer-Locke soludon V=faradic 
stimulation of vagus nerve on the oesophagus Time tracing =5 sec 



(Fig 2) The vagal inhibitory action returned as the heart itself recovered from 
the influence of the M4, but the full return of vagal response was not seen until 
some 5 minutes after the amplitude of the heart beat had fully recovered The 
response to acetylcholme — e g , 1 Mg in 0 1 c c Ringer Locke~was also reduced, 
and vagal and acetylcholme actipn was recovered at about the same speed 
M4 action on the heart was not influenced by pnor atropimzation Followmg 


PP 



I r 

r- 30' 


Ach hi4 


Fig 3 — Vasodilator action of hydroxy- 
diphenylethylamine and of acetylcho- 
line compared in cat hindquarters per- 
fused Rmger-Locke solution, pH 7 5 
containing 1 500,000 adrenaline 

Ach=3 fig acetylcholme M4=2 mg. 
hydroxy-mphenylethylamineHCI Time 
signal=30 sec. Perfusion pressure 
(PP) in mm Hg 


a depressant dose of M4 the action 
of adrenahne was reduced but not 
abolished 

Perfused hind Umb — ^In order to 
demonstrate the action of M4 or any 
vasodilator drug the tone of the vessels 
was raised by addmg adrenalme to the 
perfusion fluid m a concentration of 
2x10® to 3x10’^ M4 now pro- 
duced a transient dflatation of the hmb 
vessels, shown by a fall of the per- 
fusion pressure head (Fig 3) This 
dilator response, which was mimicked 
by 005 to 01 cc 7^/10 hydrochlonc 
acid, cannot be attributed solely to the 
mjection of an acid solution It was 
obtamed when the M4 was buffered 
adequately with plasma, as described 
above, although plasma injected alone 
produced a small nse of perfusion 
pressure 
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The dilator action of M4 was seen when the limb vessels were constncted 
not only by adrenaline but also by posterior pituitary extract or banum chlonde 

Vascular responses m anaesthetized cats — Intravenous injection of M4 
dissolved m 0 9 per cent sodium chlonde solution produced a temporary fall 
of general artenal pressure (Fig 4) With small doses artenal pressure recovered 
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Fig 4 — Depressor action of hydroxy-diphen>leth>lamine 20 mg i upon carotid artenal 
pressure of chloralosed cat (Signal for injection is 10 sec late) V=faradic samula- 
tion of peripheral end of cut nght vagus nerve in neck Time tracing =10 sec BP 
calibration in mm Hg- 


quickly and was usually followed by a small but prolonged hypertension In 
chloralosed cats 10 mg M4/kg produced about a 40*mm Hg fall of blood 
pressure with recovery m two minutes, while 50 mg /kg led to a 75-mm Hg 
fall of pressure with cardiac irregulanty Doses over 50 mg /kg caused cessation 
of breathing for penods up to 25 minutes 

Accompanying the fall of arterial pressure there was a rapid decrease of 
volume of the paw, skinned limb and mtestine At the same time the pulsations 
in these organs decreased m amplitude As the arterial pressure recovered the 
organ volume and the amplitude of the pulsations returned Similar changes 
were seen after bilateral vagotomy m the neck and inactivation of both carotid 
sinuses by tying the arterial trunks close to the sinus where they entered and' 
left the structure The shnnkage of the penpheral organs started at the same 
time in each of them and did not commence until the central artenal pressure 
had already fallen a little (Fig 5) 

The loss of vagus action in the presence of M4 could be shown in the intact 
animal by comparing the depressor response to faradizing the penpheral end 
of the cut right vagus neiA'e in the neck before and after injection of a dose of 
M4 which produced a prolonged action The fall of pressure became smaller 
and the vagal inhibition of heart rate was much reduced , as in the isolated 
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Fig S — Optical record of carotid arlenaf pressure, with 
volumes of left hind paw skinned right hind leg, and 
segment of Jejunum Cat, nembutal i p At signal 30 mg 
hydroxy-diphenylethylamine iv Time marking = 10 sec 
B P calibration in mm Hg Arrows show direction of 
vasodilatation 

heart, as blood pressure recovered so the vagus responses recovered, but the 
latter was not complete until some 1 to 5 mmutes after the end of the M4 
depressor response (Fig 4) 

(c) Action on the pupil 

In the chloralosed or decerebrated cat with slit-like pupils intravenous 
injection of M4, in doses of 12 mg /kg^^r more produced a rapid wide 
dilatation of the pupil with slow recovery The whole effect lasted 10 to 30 
minutes, and was not altered by cutting both cervical sympathetic chams in 
the neck In cats with one oculomotor nerve severed it was possible to follow 
the dilator action cf M4 upon the contralateral normal eye, and at the same time 
to test the ability of the oculomotor nerve to constrict the pupil by faradizing 
the peripheral end of the cut nerve With the nerve severed the pupil was 
widely dilated, but constricted to a sht whfen the nerve was stimulated At 
the height of the M4 action, as judged by the dilatation produced in the normally 
innervated eye, the constrictor effect of oculomotor stimulation was quite absent 
As the pupil dilator action of M4 receded, so the ability of oculomotor nerve 
impulses to produce pupil constriction relumed Even when oculomotor action 
on the pupil was paralysed, stimulating the nerve still produced the usual 
rotation of the eyeball and enophthalmos Stimulating the peripheral cut end 
of the cervical sympathetic chain in the neck produced a further slight dilatation 
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of the pupil when the latter was apparently fuUy dilated by M4, as well as 
movement of the mcUtatmg membrane 

M4 could antagonize the action of esenne This was shown by cuttmg the 
oculomotor nerve on one side and then constnctmg the paralysed pupil by 
mstnimg mto the conjunctival sac 0 65 mg esenne sulphate (1 Burroughs 
Wellcome “ Tabloid ”) Intravenous mjection of a dose of M4, which produced 
full dilatation of the normal pupil, produced one-third dilatation of the esennized 
pupil 

Stereoisomers of hydroxy-diphenylethylamine 

There bemg two assymmetnc carbon atoms m the molecule two optically 
mactive stereoisomers are possible, the normal form (M4 itself) and an iso 
form Each of these can be resolved mto two optically active enantiomorphs 
A comparison of the activities of these vanous isomers was attempted, nsmg 
rabbit jejunum as the test object. More regular responses were produced if 
the gut was brought mto high tone by suspendmg it m Tyrode solution to 
which esenne sulphate was added m a concentration of 1 4 milli on- The 
isomers were added to the gut bath as 2 per cent (w/v) solutions m water m 
an amount producmg about half the maximum relaxation of the guL The 
gut was exposed to each isomer for 5 mmutes, then washed twice with Tyrode 
solution m the next 10 mmutes Even with this long exposure some pieces of 
gut did not reach then final length as the relaxation was rapid for the first 
two or three mmutes and then proceeded very slowly 

Comparing the relaxation produced by similar concentrations of the isomers, 
1 15,000, the activities of the isomers could be hsted as /-uo>d-normal>ifl-/so 
>d/-normal>d-wo The /-normal form was not available Equal relaxation 
was produced by 1 20,000 of the l-iso and 1 12,000 of the d-iso It is difficult 
to assess the value of these results Although there is a consistent difference 
between the l-iso and d-iso form, the activities of the first four isomers listed 
are very similar Comparison of the vasodepressor action m the chloralosed 
or spmal cat was less successful The responses to s imilar doses of the 
isomers were not always consistent, and might change dunng the experiment, but 
the results did not suggest any such difference of activity as shown by the gut. 

Discussion 

Although hydroxy-diphenylethylamme (M4) apparently resembles morphme 
m havmg analgesic action, Dodd^ Lawson, and W illiam s (1944) showed that 
these tw'o substances probably act m different ways Similarly, the previous 
results show that the general activities are also different M4 is m general a 
depressor of smooth muscle action Also it has an action which may for the 
moment be called “ atropme-like.” 
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It has been shown that the drug relaxes intestinal muscle and reduces the 
amplitude of the rhythmic contractions This action is reversible and can be 
exerted against substances, such as banum chloride, which raise the tonus of 
the muscle A similar spasmolytic action is produced m the blood vessels 
These actions might all be explained by a general toxic action which directly 
reduces the power of the muscle to contract Such a depressant action is seen 
m the heart, where M4 reduces considerably the amphtude but not the frequency 
of the beat That this effect is not due to a parasympathomimetic action of 
the drug IS shown by its occurrence in the atropinized heart These findmgs 
agree with the reports of previous workers 

In view of the depressor action of M4 it could be argued that the fall of 
arterial pressure is a consequence of a peripheral vasodilatation, especially as 
M4 does have such an action m the isolated perfused Innb The snnultaneous 
recording of paw, skmned limb, and mtestme volumes shows however that m 
the whole animal the fall of arterial pressure is accompamed by a shrinkage of 
these organs Since M4 is an active vasodilator m the isolated perfused limb, 
with mamtamed inflow, it seems that m the whole animal there is produced a 
passive vasoconstriction consequent upon the fall of artenal pressure This is 
confirmed by the fall of pressure starting demonstrably earher than the volume 
changes of skm, skeletal muscle, or mtestme The mitial rapid fall of blood 
pressure on mjectmg M4 seems, therefore, to be due to a reduction of heart 
output because of the toxic action of the drug on the heart muscle This toxic 
action is well shown on the isolated heart preparation 

The dilator action on the pupil m the unanaesthetized cat might be due to 
some central action in the bram stem or to a penpheral paralysis of the ins 
That the neuromuscular mechamsm of the ins is influenced directly is shown 
by the meffectiveness of the oculomotor nerve stimulation m the presence of a 
dilator concentration of M4 It is probable, therefore, that a penpheral action 
would explam the pupil dilatation observed by Dodds and his colleagues It 
is to be noted m the paper by Dodds, Lawson, and Wilhams that a dose of M4 
which produced general hyperexcitabilily (20 mg /kg mtramuscularly) was less 
than the pupil-dilatmg dose (50 mg /kg) A general toxic action on the whole 
neuromuscular mechamsm does not seem to be an adequate explanation of the 
oculomotor paralysis The dilator action of the sympathetic fibres was still 
present, argumg against an mability of the muscle fibres of the ins to react to 
nerve impulses , further, conduction m the oculomotor nerve was not impaired 
because it could still carry nerve impulses to the extraocular muscles, producmg 
movement of the eyeball The action of M4 on the pupd seems to be of an 
atropme-like nature, blocking conduction at the parasympathetic terminals This 
action IS. however, of short duration and is produced only m concentrations 
which have du'ect toxic actions on other smooth muscle 

The abihty of M4 to block the action of parasympathetic nerve impulses 
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IS seen also m its effect upon the vagal control of heart rate This action has 
been observed only after doses of M4 sufficient to produce severe weakening 
of the beat, but does persist for a few minutes after the visible signs of this 
depression have worn off It will be recalled that certam barbiturates produce 
a similar transient blocking of parasympathetic impulses and there is some 
evidence that the site of the block may be either m the ganghon or at the 
neuromuscular junction Thus Koppanyi, Lmegar, and Dille (1935) showed 
that some barbiturates, other than thiobarbiturates, produced a transient loss of 
vagal action and the evidence suggests that the site of action of the drug is mainly 
at the vagus ganglion , Stravraky (1931) showed that amytal paralyses the 
submaxiUary glands to chorda tympam stimulation, and smce the acetylchohne 
response is also paralysed it appears that the drug acts on the nerve terminals 
or the secretory cells Garry (1930) also has shown that amytal temporarily 
abolishes the action of the vagus nerve on the heart m cats and rabbits, the 
effect passmg off much more rapidly in the rabbits , the action of acetylchohne 
on the frog heart was unchanged, but vagal activity was not tested at the same 
time m this animal In the heart both vagal and acetylchohne activities are 
paralysed by M4 to the same degree, but whether this should be compared with 
the action of atropme is debatable, smce M4 is so toxic to the heart muscle It 
IS possible that the effect represents no more than a general toxic action which 
takes a httle more tone to recede from the more fragile place where acetylchohne 
acts The observations on the pupil, however, suggest that toxic and “ atropme- 
like ” action may be separate entities It is cunous that although M4 reduces 
the force of the heart beat very greatly it has relatively httle action on the rate 
of firmg of the pacemaker 

Although many of the actions of M4 may be due to non-specific depression 
of the tissues, there seems to be stonulation of some parts of the central nervous 
system General bodily activity is mcreased (Dodds et alia, 1944), an action 
shown by diphenylethylamme (Tamter, Ludvena, Lackey, and Neuru, 1942) . 
some related compounds will even cause convulsions m cats Some of the 
diphenylethylamme compounds also cause a rise of blood sugar (Dodds et alia, 
1944), but the abihty to cause hyperexcitabflity and raise the blood sugar are 
dissociated m M4, this substance producmg hyperexcitabihty without hyper- 
glycaemia Clearly it would be of mterest to know more of the cause of the 
hyperglycaemia provoked by other diphenylethylamme denvatives 


Summary 

A morphme analogue, ;8-hydroxy-ai8-diphenylethylamme, has the following 
actions 

1 It relaxes isolated mtestme, even m the presence of acetylchohne, esenne, 
prostigmme, or barium chloride 
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2 The contraction of the isolated heart is reduced m amphtude, this action 
bemg unaffected by previous atropmization Loss of response to vagal impulses 
and to acetylchohne is also produced 

3 It causes a fall of arterial pressure, with peripheral vasoconstnction The 
latter is a passive effect In the isolated perfused limb active dflatabon is 
produced 

4 It produces pupil dilataUon m chloralosed and decerebrated cats by an 
action on the oculomotor nerve termmals m the ms 

5 These results might be explamed by a direct toxic action of the drug on 
the active tissue 

This investigation was undertaken after a suggestion by Prof E. C. Dodds, M V O , 
F R,S , whom I have to thank for onginal supphes of M4 and its isomers The M4 was 
made by Boots Pure Drug Co , Ltd , to whom thanks are due Dunng the work much 
valuable assistance was given by Miss J G Emmett, of Boots Pure Drug Co , Ltd^ working 
m this laboratory 
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THE THERAPEUTIC ACTION OF SOME 
KNOWN AMOEBICIDES IN RATS 

BY 

W R JONES 

From the Biological Laboratories, Imperial Chemical Industries, Ltd, 
Hexagon House, Blackley, Manchester, 9 

(Received Maich 31 1M7) 

Three mam types of drug are used m the treatment of human amoebiasis 
firstly, drugs of the emetme type, e g emetme hydrochlonde, emetme bismuth 
iodide, and auremetme , secondly, arsenical drugs, e g carbarsone and stovarsol , 
and thirdly, halogenated hydroxyqumolmes, e g chmiofon, vioform, and 
diodoqum Opmions differ concermng the respective ments of these three 
types , mdeed the general opmion seems to be that no one type is entirely 
satisfactory m itself, and that the best clmical results are obtamed by the 
judicious use of all three As we now have a techmque for evaluatmg the anti- 
amoebic properties of drugs, usmg expenmentally infected rats (Jones, 1946), 
it was considered of mterest to make a close companson of the most commonly 
used of the above types Such a companson would also serve to supply standards 
agamst which any newly discovered anti-amoebic drug could be compared 

The drugs selected for the companson were emetme hydrochloride, chmiofon, 
stovarsol, carbarsone, and diodoqum They were compared when given as a 
single dose, and also when given according to a multiple-dose schedule 

Experimental Work 

Several experiments were earned out, each involving the use of 144 recentlj weaned 
rats weighmg approximately 20-33 g In each experiment the rats were separated mto six 
groups of matched weights They were then injected mtracaecall> , after laparotomy, with 
0JJ5 cc of a suspension of Entamoeba histolytica m 5 per cent gastnc mucm The amoebae 
were culUiated m the enriched serum-buffered sahne medium desenbed previously (Jones, 
1946) 

Two different dosage schedules were employed in the first a single dose was given 
24 hours after the operation, and in the second doses were given 24, 30, 48, 54, and 72 
hours after the operation All doses were given orally, by means of a metal catheter Emetme 
and chmiofon were given as solutions m water, and stovarsol, carbarsone, and diodoqum as 
finely dispersed suspensions made by ball milhng for several hours with a suitable dispersmg 
agent (1 per cent Dispersol O G , I Cl) 

In order to assess the therapeutic effect of the test drug the rats were killed six days 
after the operation After this time the infecuon in the control group is maximal, and any 
therapeutic effect m treated groups is therefore most readily detectable Careful post- 
mortem exammations were made of each rat in the expenment, and accordmg to the degree 
of infection found a score was allocated The six standard degrees of infection are shown 
m Fig. 1 
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HEAVY INFECTION , ULCERATION . NUMEROUS AMOEBAE 
INFLAMMATION , MUCUS , NUMEROUS AMOEBAE 
INFLAMMATION , MANY AMOEBAE 
NORMAL . MANY AMOEBAE 
NORMAL , FEW AMOEBAE 
NORMAL , NO AMOEBAE 

Fiq 1 The degree of amoebie infection found in the caecum of expeninentally infected rats 

An average degree of infection (ADI) was calculated for each group by finding the average 
of the individual scores 

The statistical significance of a treatment effect may be assessed according to the 
followmg formula 


, cfty 
m "iP 

where x and y are the ADIs for the control and treated groups respectively 

ax and ay are the standard deviations for x and y respectively, and m and n are the 
numbers of rats in the control and treated group respectively 

The values of ax and ay used m the above formula were read from a curve derived 
from the results of a large number of control and treated groups (Jones, 1946) 

In this senes of experiments most of the drugs, when given at the highest dose, showed 
a therapeuUc effect of high staUshcal significance (P<0 01) This value (P<001) was 
therefore taken as the standard representing defimte positive therapeutic effect (+) Thera- 
peutic effects of significance P=005 to P=001 were regarded as mdicating slight though 
definite therapeutic effect (±) , whilst effects of P>0 05 were regarded as indicatmg 
insignificant therapeutic effect (— ) 

The results of the comparisons are recorded m detail m Figs 2 and 3, and summanzed 
m the Table 





Fio 2 — ^The effect of drugs on experimental amoebiasis in rats. Smgle-dose therapy 
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AMOEBICIDES IN RATS 



Dose, mg./kg. orally Significance of treatment 

24 hr after operation + -P<(H)I ± -P, 0-01-0 05 — - P > 0-05 



Discussion 

In comparing the results of our experiments m rats with the results obtamed 
m human amoebiasis with the same drugs, we must consider certam important 
differences between the infections m the two species Whereas m rats the 
infection is an acute one and is reasonably standardized, m human amoebiasis 
there is not only the acute disease but also a chrome phase of widely varymg 
symptomatology In the latter form of the disease we may have also to deal with 
the cystic form of the parasite, agamst which there is as yet no suitable means 
of testmg drugs experimentally If we compare our results with the results 
usually obtamed in acute amoebic dysentery m man we find reasonable agree- 
menL Thus emetme and chimofon appear to be the most effective, with stovarsol. 
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carbarsone, and diodoqum definitely mfenor If, however, we consider the 
respective ments of these drugs in chronic amoebiasis, we find them at vanance 
with our expemnental results, for against this form of the disease, carbarsone. 
Etovarsol, and diodoqum are undoubtedly of value The ininnnnl effective 
therapeutic dose of this type of compound m rat and man differs considerably 
if the comparison is made on a mg /kg basis Thus a dose of 1,000 mg /kg . 
or 5 doses of 500 mg /kg . is required to produce an effect m rats, whereas the 
dosage used m humans, namely 4 gr twice daffy for 10 days (Manson-Bahr, 
1945), corresponds to a total dosage of only 80 mg /kg The validity of such 
a comparison, however, is questionable, and it is perhaps more reasonable to 
consider the relationship of the mmimal effective therapeutic dose to the toxic 
dose m the two species If this is done, the relationship is found to be 
approximately the same 

It IS of mterest to note the behaviour of diodoqum m our tests When it 
was given as a single dose, its therapeutic effect was barely significant, and 
compared unfavourably with carbarsone and stovarsol When it was given 
repeatedly, however, its activity was better demonstrated The fact that it is 
poorly absorbed was no doubt responsible for this difference This compound 
has been mtroduced comparatively recently (Hummel, 1939) It does not appear 
to be much more effective than the other amoebicides (Morton, 1945) 

The stram of E histolytica used m this senes of experiments (isolated m 
culture from material kmdly supplied by Dr A R D Adams) was one which 
produced infections susceptible to treatment with emetme Not all strains do 
so, as has been mentioned m a previous paper (Jones, 1946) It was decided to 
use an emetine-susceptible stram for comparison as there was no evidence that 
the other drugs showed sunflar differences m effectiveness agamst different strams 
The comparison was accordmgly earned out under conditions equally favourable 
to all the test drugs 

SOMMARV 

A study has been made of the therapeutic action of emetme, chmiofon, 
stovarsol, carbarsone, and diodoqum a^mst experimental amoebiasis m rats 
Emetme and chmiofon appeared to have the widest range of activity Stovarsol, 
carbarsone, and diodoqum were effechve when given m large doses 

I thank the following G H Davies, S R Smedley, D Todd, and W A. Whittaker for 
technical assistance , and Dr O L Davies for advice m the staUsUcal assessment of the 
results. 
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THE TECHNIQUE OF TESTING 
CHEMOTHERAPEUTIC ACTION ON 
PLASMODIUM GALLINACEUM 

BY 

ISABEL M TONKIN AND FRANK HAWKING 

From the National Institute for Medical Research, London 

Glccdvcd December 21 1945) 

During the war P gallinaceiim and P lophurae came mto general use for 
testing the antnnalanal action of new compounds The purpose of the present 
work, earned out dunng 1943 and 1944, and withheld from pubhcation owmg 
to wartime restnctions, was to compare different methods of dosage m tests with 
P gallinaceum, and to see how much the answer obtamed depended upon the 
technique employed 

In aU tests the compounds were judged by their abilily to reduce parasitaemia 
to a low level , httle or no account was taken of the power of drugs to sterflize 
the birds and thus to produce a radical cure of the mfection 

Methods 

The general plan of the test was based on confidential mformation received 
from the Amencan Board for the Co-ordmation of Malaria Studies and from 
Mr D G Davey, of Imperial Chemical Industnes, Ltd 

The strain of P gallinaceum used was obtained from the Molteno Institute, Cambridge 
and was denved from the onginal stram mtroduced mto Europe by Brumpt- It was main- 
tamed by blood passage m young chickens The chickens were about 10 days old at the 
time of inoculation and weighed 60-80 g. , they were infected by the mtravenous mjecUon 
of about 10' parasitized cells per chick In a typical expenment the percentage of 
parasitized erythrocytes, resultmg from this moculum, was 1 per cent after 2 days, 6 per 
cent after 3 days, 30 per cent after 4 days, and 50-90 per cent after 5 days at which time 
chickens often died , if they survived, the parasites m the blood became less numerous 
but many died with exoerythrocytic forms m the bram two weeks after inoculation The 
drugs were given by mouth with a syrmge and blunt needle. Since most drugs supphed 
for testmg are veiy lirmted m amount it was considered that the admmistration of drugs 
in the diet (as desenbed by Marshall et al 1942) would not be practicable The blood of 
the infected chicks was exammed on the 3rd and 5th days and the percentage of parasitized 
erythrocj'tcs on the 5th day was determined 

To test for the prophylactic activity of drugs, the heads and thoraces of batches of 
mosquitoes known to contain sporozoites m their sahvaiy glands were ground in salme 
and the resultant suspension centrifuged lightly to throw down the bhitmous parts of the 
insects. The supernatant was drawn off and made up in a mixture of heparmizcd chick 

H 
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plasma and saline, contaimne al least 50 per cent (v/v) plasma, so that 02 cc contamed 
the equivalent of one infected mosquito This suspension was used to mfect chicks bj 
intravenous inoculation of Q2 c.c per chick Chicks so infected usually exhibited para- 
sites in the penpheral blood 5-7 days after inoculation, and died 6-10 days after infection 
as a result of massive infection of the endothelial cells of the cerebral capillaries with 
exoerythrocytic forms The drugs were administered in the manner descnbed above, dosage 
being started 2 hours before infection In both types of experiment the geometrical mean 
of the responses of the individual buds in a group was taken , this was compared with the 
georaetncal mean of the responses of the group of untreated control chickens 

The following salts of quinine, mepacnnc (atabnne), and pamaquin (plasmoquin) were 
used quinine bisulphate contaimng 59 per cent anhydrous quimne, mepacnne mcthan- 
sulphonate (quinacnne soluble, May & Baker) containing 65 per cent of mepacnne base 
(3rd ADD BP 1932, p 15) and the methylene bis-hydroxynaphthoate of 6 methoxy 8- 
8-diethylammo-a-mcthylbutyl)-aminoquinoline (pamaqum) containing 45 per cent of base 
(4th ADD B P 1932, p 24) All amounts of the drugs quoted refer to these salts Sulpha 
diazine powder was used as the pure substance 

Measurement of the blood concentration of the drugs 

An attempt was made to measure the levels of quinine, mepacnne, and sulphadiazme 
in the blood after the different dose schedules employed In order to facilitate the taking 
of blood samples, larger chickens were used m these expenments than in the therapeutic 
expenments 

Quinine —The blood level of quinme at varying penods of bme after dosing was 
measured by a modihcation of the method of Kelsey and Geilmg (1942), kindly devised 
by Prof C Rimington The estimations were earned out on 0 5 c c blood, drawn from 
the heart, of 3-4 months old chickens weighing about 800-1,000 g A senes of blood 
samples was taken from each chicken The oxalated blood sample was pipetted into 
3J cc distilled water and the blood proteins were digested by the addibon of 1 cc. 10 per 
cent Sodium hydroxide and heatmg m a water bath for 15 min The samples were then 
extracted with 25 cc. of sodium-dned ether contaimng 5 per cent (v/v) petrol m a 50-cc. 
separating-funne] The ether extract was washed twice with 10 ex N/10 sodium hydroxide 
and the quinine extracted with 4 cc Nf 10 aqueous sulphunc acid m three successive 
volumes of I 5 c c , 1 5 c c., and 1 c c of acid The acid extract was then made up to 
5 cc by the further addition of sulphuric acid and its fluorescence was measured in the 
Rimington fluorescence comparator (Rimington, 1943) The amount of quinme present in 
the extracts was ascertained by comparison with a standard curve obtained by measuring 
the fluorescence observed when known amounts of qmnme were added to blood and 
extracted as above 

Mepacnne — For the esfiroations of mepacnne the appropnate doses were given to 
800-1,000 g chickens and blood was withdrawn from the heart Repeated bleedings of 
the same chickens someumes led to false readings of the drug level , consequently several 
birds were placed on the same dose schedule and no bird was bled more than three times 
Coagulation of the blood was prevented by potassium oxalate , if the sample had to wait 
more than 24 hours before examination it was stored at -12° C The estimations were 
kindly earned out for us by Major J Reid of the Royal Army Medical College , he used 
a modification of Masen’s method (1943) 

Sulphadiazme — Appropnate doses of sulphadiazme were given to ZS-day-oId chicks 
0 02 C.C blood was taken from the leg at intervals, and the concentration of sulphadiazme 
therein was measured by a modification of the method of Marshall and Cutting (1938) 
The volume was measured in special micro-pipettes and washed out into 2.5 c c of acid 
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concentrations of quinine in chicks after oral administrabon of different dose 
^hcaules of qummo bisulphatc Ordinates blood concentrations in mg, per btre 

Aosassae hours after dosage. ^ = levck m individual birds x % = averace levels. 

Arroivs indicate dosage 
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saline (0 85 per cent NaCl m iV/50 HCl) The reagents, 0 1 c c 0 3 per cent sodium nitnte, 
0 1 C.C 1 5 per cent amntomum sulphamate, and 0 1 cc 0 1 per cent naphthyl ethylene- 
diamme dihydrochloridc, were then added to 23 cc of the supernatant, and the mtensity 
of the fully developed colour was measured on a Spekker absorptiometer combined with 
a spot galvanometer 

Experiments 

Trophozoite-induced Infections 
Effect of concentration or dispersion of the dose 

The first investigations were made to determine the effect of concentrating 
the whole amount of antimalanal compound (qumme, mepacnne, pamaquin, 
or sulphadiazme) into a single admimstration or of dispersing it over several 
days in a senes of smaller doses The total amount administered remamed the 
same, an amount being employed which was about the minuniiin effective level 
when given according to the most effective regime A study was made of the 
results of the different dose schedules on (A) the resultant blood-concentration, 
(B) the therapeutic response 

A — Blood concentrations 

Quinine — Fig I shows the mean curve for the group of buds receiving 
qumme , it was obtamed by takmg the average of the blood concentrations at 
each particular time Considerable mdmdual vanation m the levels was 
observed in different chickens, particularly m the senes 5 mg twice daily for 
2 days and 2 5 mg twice daily for 2 days The mean curve was only an approxi- 
mate mdication of what might happen m any special mstance On the whole 
the levels were comparable with those found by Kelsey et d (1943) The absorp- 
tion of qumme was rapid the peak m the blood concentration occumng at 
approximately 2 hours, but the compound soon disappeared from the blood 
agam, so that the penod of antimalanal action was presumably bnef m most 
cases The level attamed m the blood was not dmectly proportional to the size 
of the dose, smce a dose of 2 5 mg produced a peak mean blood concentration 
of 1 0 mg per Utre (Fig IE), while a dose of 20 mg (8 times as great) produced 
a peak of 2 1 mg , only twice as high (Fig lA) 

Mepacnne — ^The blood concentrations of mepacnne are shown m Fig 2, the 
line bemg drawn through the mean concentrations at the different penods of 
samplmg The variations between the different birds were greater than those 
between the different dose schedules so that from this small number of birds 
no rehable conclusion could be drawn On the whole, it appeared that with 
mepacnne there was a peak m the blood concentration occumng about two 
hours after the dose, followed by a prolonged plateau at a lower level This is 
well exemplified m the curve obtamed after the admimstration of 8 mg. per 
100 g (Fig 2A) Marshall and Dearborn (1946a) found that m the treatment 
of P lophurae infections in ducks by mepacnne the therapeutic response was 
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2. — Blood concentrations of mepacnne in 
chicks after oral administration of different i-o 
dose schedules of mepacnne methanesulphonate. 
Ordinates blood concentrations m mg. per Lire 
Absassae hours after dosage. • = levels m 

individual birds x ^x= average levels Arrow-s 

indicate dosage 


proportional to the dosage 
rather than to the plasma con- 
centration of the compound 
Our own limited figures on 
blood concentrations and on 
therapeutic response (Table I) 
are m agreement with theu- 
finding 

Sulphadiaune — The average 
blood concentrations obtained 
when sulphadiazme was given 
are shown m Fig 3 With one 
dose per day, even with the 
largest amount, the drug re- 
mamed m the blood for less 
than 24 hours The mean 
peak level vaned with the 
dose, but not m direct pro- 
portion After a dose of 25 
mg the peak was 135 mg per 
litre , after 200 mg (8 tunes 
the dose) the peak was 254 
mg. (Fig 3A and E) The 
effect of subdividmg the doses 
was to prolong the penods m 
which appreciable amounts of 
drug were present m the blood 
and to make them more con- 
tmuous There was httle evi- 
dence of an accumulation of 
sulphadiazme m the blood 
(Fig. 3E) 
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Fig 3 — Blood concentrations of sulphadiazine in 
chicks after oral administration of different dose 
schedules of sulphadiazine powder Ordinates 
blood concentrations in mg per litre Abscissae 
hours after dosage • = levels in individual birds 
X X = average levels Arrows indicate dosage 


B — Therapeutic effea 
In the experiments on the 
therapeutic effect the first 
dose (mcluding the groups in 
which the whole amount was 
given as a smgle dose) was 
always admmistered immedi- 
ately (less than 1 hour) after 
the infection When one dose 
per day was given, it was given 
about 10 ajn when two 
doses per day were given, 
they were given at 10 am 
and 5pm The number of 
birds m a group was usually 
4, but som? groups contained 
3 or 5 birds The results 
of this work are shown m 
Table I The effect of sub- 
division of the dose depends 
upon the type of drug em 
ployed, being quite different 
with qumme, mepacrme, and 
pamaqum from what it is with 
sulphadiazine With the for- 
mer three compounds, the 
more the dose is concentrated 
the greater the response, and 
conversely The drugs are 
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TABLE I 

THE EFFECT OF DIFFERENT DOSE SCHEDULES OF STANDARD DRUGS ON THE RESPONSE OF 
TROPHOZOTTE-INDUCED INFECTIONS 




Percentage of celts parasitized on 5th day after different dose schedules 

Drug 

Total dose 
nig./100g 

Total dose 
on 1st day 

1/2 dose 
once daily 
2 days 

1/4 dose 1/4 dose 
twice daily ' once daily 
2 days j 4 davs 

1/8 dose 
twice daily 
4 days 

Untreated 

controls 

Qumme 

20 

41 

0 52 

0J9 


21 6 

39 3 


195 

I 18 

1.20 


17.2 

53 





4 18 

mM 


58.2 

Mepacruic 

8 

0 61 

IJO 

52J 

489 

47 9 

59.5t 


01 

Ot 

1 8 

37 

— 

38 5 


to 

01 

01 

0 1 

1.2 

3 1 

657 

Pamaquin 

■n 

■■■III 

■■■■ 

5.24* 

56 7 

- — 

54 8 




2.9 

70 9 

54 7 

58J 


HLH 




309 

9 85 

44 




01 

IJ5 

174 

2-51 

63 9 


I 


01 

01 

01 

1.2 

41 4 

Sulphadia- 








zme 

200 

37 

2S8 

38 7 

12.6 

0 12 

39.5 


• Poor test Only I chick nsmamed alive. f 6th day count 


most effective if given in a single large dose or if the dose is subdivided onlj into 
two , as the subdivisions gei more numerous, less antimalanal effect is shown 
Apparently the action of these drugs upon the parasites is rapid, a short 
interval of tune being suflBcient for it to take place, but on the other hand it is 
strongly effective only if a certain level of blood concentration is reached — 
e g , with quinine, a level of over 1 ,ug per c c , this critical level of concentra- 
tion IS presumably not reached when the dose of drug administered falls below 
a certain quantity, even if the dose is repeated twice daily for four days With 
sulphadiazme on the other hand, the greatest antunalanal effect is obtained when 
the administration is spread over the whole four days, subdividing the amount 
into 8 small doses The administration of the drug m 1-4 doses concentrated mto 
the first two days is non-effective Even the slight modification of givmg a smgle 
dose on each of four days, mstead of two smaller doses on each of these da>s, 
greatly dunmishes the antimalanal effect This class of compound presumablj 
exerts a slower action upon the parasites than quinme, mepaenne, or pamaquin 
do , and the duration of action is more important than the concentration over 
any particular short period 

Effect of time of starting the treatment 

It has been reported from America that some w'orkers begin treatment several 
hours before infecting the birds, others vv'art until after the moculation to beein 
treatment The latter procedure is the more convenient in practice as the whole 
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batch of chicks can be inoculated without the necessity of identifying each 
individual m the process . moreover, bu-ds m which the moculation has been 
unsatisfactory m any way can easily be discarded and replaced by new ones 
An mvesdgation was made m order to discover whether this difference of pro 
cedure affected the therapeutic response observed, and the results are shown 
in Table n As will be seen, there was no significant difference m the response 
whether the first dose was given immediately after moculation, or 5 hours before 
inoculation Accordmgly, m our routine testmg of drugs the first dose is always 
given almost immediately (less than 1 hour) after moculation 

TABLE II 


THE EFFECT OF THE TIME OF STARnNQ DOSAGE ON THE RESPONSE OF TROPHOMITE INDUCED 

INFECTIONS 


Drug 

Total dose 
mg/lOOg 

Dose given 
twice daily 
for 14 days 

Percentage of cells parasitized 
on 5th day when dosage started 

Controls 

immediately 
after infection 

5 hours before 
infection 

Qumme 

20 

Z5 mg 

10 7 I 

1 

38,5 




3 02 

I 14 8 

41 4 




29 

24 9 

61 1 


24 

3 mg 

6 

73 

44 

Mepacrme 

10 

1,25 mg 

283 

21 5 

414 




0 96 

1 16 1 

44 




9 01 

5 52 1 

61 1 

Pamaqmn 

04 

0 05 mg 

45,9 

39,2 

38 5 



0 075 mg 

21 1 

28 1 

44 




794 

12 

63 9 


1 

0 125 mg 

12 

4 59 

41 4 

Sulphadiazinc 

200 

25 mg 

0 42 

0 8* 

39 5 


Each of the groups of treated chicks contained 4 birds, the groups of controls usually contained 
6-10 birds 

* Started 2 hours before infection in this case as sulphadiazinc reaches its peak in the blood 
2 hours after oral administration 


A further study of the effect of delay in commencmg treatment was made 
by givmg the same total amount of mepacrme either all on the last (3rd) day 
after moculation or spread out over the previous days This is a reverse of the 
dose schedules described m Table I The results are shown m Table HI The 
best therapeutic responses were obtamed when the drug is concentrated on to 
the last two days of the treatment Probably m this experiment the effect of 
concentratmg the dosage was more important than the tune of startmg it (On 
this occasion mepacrme seems to have been less effective than in the experiments 
of Table I ) 
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TABLE m 

THE effect of DELAY IN COMMENCING TREATMENT WITH MEPACRINE 


Drug 

1 Schedule j 

1 1 

% cells parasitized ' 
I on 5th day 

i 

1 Control 

Mepaerme j 

6 mg twice daily on the 4th day ' 

' 2 62 

i 


1 3 mg „ „ „ „ 3rd and 4th da>s 

1 0 56 ' 



2 mg. „ „ „ „ 2nd, 3rd, and 4th days 

18 7 

j 65 7 


1.5 mg „ „ „ „ 1st, 2nd, 3rd, and 4th days 

‘ 1 

35J. 

\ 

I 


In each group the total dose was 12 mg per 100 g 
Each group contained 4 chucks. 


Sporozoite-induced Infections 

Similar mvestigations about the effect of concentratmg or dispersmg the treat- 
ment were made with sporozoite-mduced mfections — i e , the prophylactic action 
of the compounds upon the pre-endoeiythrocytic forms of the parasites was 
studied mstead of the therapeutic action upon the endoerythrocytic ones (tropho- 
zoites. schizonts, etc ) At the time of conductmg this work the only compounds 
known to have a prophylactic action were the sulphonamides, and accordmgly 
the mvestigations were made usmg sulphadiazme Two types of experiment were 
made In the first, a given amount of sulphadiazme (200 mg per 100 g) was 
either concentrated at the beginnmg of the infection or dispersed over the first 
four days , m the second, treatment was more mtense (total 800 mg per 100 g) 
and It was given either m the first two days or on the 3rd and 4th days after 
infection The results of both these mvestigations are shown m Table IV 

In the first type of experiment the data show that the more the treatment 
was spread out over the first four days the more effective it was , treatment 
restneted to the first day had Jittle or no effect, even if the total dosage was 
doubled (i e , total dose 400 mg ) These results with pre-endoerythrocytic stages 
of the parasite agreed with those obtamed concemmg the action of sulphadiazme 
upon the endoerythrocytic forms , they support the view that the antunalanal 
action of sulphadiazme is of such a type that duration of exposure is more 
important than mtensity 

The second part of these experiments concerns the sensitivity of the different 
stages of the parasite to sulphadiazme Treatment restricted to the first day had 
little or no action , apparently the sporozoites m their ongmal form or m them 
early development after moculation were not much affected by the compound 
durmg a smgle day Treatment given on the 3rd and 4th days was shghtly more 
effective m delaymg the development of patent mfection than that given on the 
1st and 2nd days , hut much of this effect was due to the postponement of treat- 
ment, and if the mterv'al is measured between the onset of the patent mfection 
and the end of treatment, there was little real difference between the degree of 
parasitaemia observed m the two groups However ultimate sumval was much 
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TABLE IV 

EFTECT of DIFFEREKT dose schedules and of time of dosage of SULPHADIAZINE E)N SPOROZOnE 

INFECTIONS 


1 Total 

1 dose 

1 mg./10a g 

Individual 
doses 
per 100 g 

treatmen 

Percentage of cells parasitized on day 

Remarks 

8 

9 

i 10 1 II 

12 

i 

First part of expenment 

j 200 

1 

1 

1 

*200 mg 
once daily 

Ist 

1 

1 


■ 

1 23 

1 1 D 

EEF+ 




200' 

100 mg 
once daily 

1st, 2nd 


1.2 

2D 1 49 3 
EEF+ ; 2D 




1 200 

50 mg 
once dafly 

1st, 2nd, 
3rd, 4th 

■ 

Less 

than 

01 

■ 


1 

14 1 
2D 
EEF+ 

2 chicks died on 17th 
day 

200 

•50 mg 
twice daily 

1st, 2nd 


Less 
than 0 1 

B 

066 

1 

14 9 

3 clucks died on 15th 
day EEF+ 

200 

*25 mg. 
twice daily 

Ist, 2nd, 
3rd. 4th 


Less 

than 

01 

i 

Less 

than 

01 

1 

1 



On 15th day 51J. 

1 D EEF+ 1 
chick died on 16tb 
day 1 chick sur 
vtved 

Control 



1 45 5 

1 2D 


1 D 




200 j *200 pig 

i 

1st 


ID 


1 D 




200 

25 mg 
twice daily 

1st, 2nd, 
3Td,_4th 

Less 

than 

01 


Less 

than 

01 

04 



2 chicks failed to 
show parasitaemia. 

2 chicks died on 
17th day Ei^+ 

Control 

— 

— 

8 03 

1 D 

1 D 
EEF+ 

32 2 

2D 




3 

Z 

800 j 

200 mg 
twice dmly 

1st, 2nd 1 

Less 

than 

01 


12 


69 

2D 

2 chicks died on I4th 
day EF.F-1- 


1st 

■ 

1 D 
EEF+ 

11 6 

I D 

ID 


*1 chick died on I4tb 
day 

Control 

* j 

i 

~ 1 


45.5 

2D 


I D 




800 1 

1 

1 

*200 mp. 
twice dady 

1st, 2nd 

Less 

than 

01 


3 1 

1 D 
EEF+ 

1 

42.5 

2 D 


800 j 
i 

200 mg 
twice daily 

3rd, 4th 

Less 

than 

01 


Less 

than 

01 

1 


24J 

1 chick died on 17th 
day EEF+ 3 

chicks survived 


Control j 

1 

— 

— 

8 03 

I D 

1 D 
EEF+ 

32.2 

2D 

1 

1 

! 



The inoculum used m these ex p er im ents contained the approximate equivalent of 1 infected mosquito 
per chick. The groups nMuted with an asterisk contamed 3 chides, the others Mntained 4 
The ‘1st day** dose was given 2 hours before infection with sporozoites, D, Chick died 
EH^+ Exociylhrocyhc forms -found in the brain post mortem 
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better m the group treated on the 3rd and 4th davs It is noteworthy that (with 
the possible exception of 2 chicks) sulphadiazine in these doses faded to sterdize 
any of the birds it only delayed the multiplication of the parasites for a shorter 
or longer period In this respect its action upon pre-endoerythrocytic forms was 
indistinguishable from that upon cndoerylhroc>lic forms The results thus 
suggest that the antunalanal action of sulphadiazine is exerted both on pre- 
endoerythrocjtic forms of P gallinaceitm (crj'piozoites, etc ) and on endoerythro- 
ejme forms (trophozoites and schizonts) , that this action tends to be plasmodio- 
static rather than plasmodiocidal , and that its effectiveness depends upon the 
duration of exposure rather than upon the intensity 

Discussiom 

It has been shown that under the experimental conditions described the 
maximum effect of a given omall quantity of quinine, mepaenne, or pamaqum 
upon the trophozoites is obtamed when the treatment is concentrated into one 
or two days The greatest effect of a given quantity of sulphadiazine upon either 
trophozoites or upon pre-endoeiylhrccytic forms is obtained when the treatment 
IS spread out over the whole penod of four days With the former drugs, 
mtensity of action seems more important than duration , with sulphadiazine, 
duration is more important than intensity In the treatment of trophozoite- 
induced mfections there is no significant difference in the response observed 
whether the first dose is given 5 hours before inoculation or unmediately after it 
The action of sulphadiazine is exerted both on pre-endoerylhrocytic forms of 
P gaUmaceum and on endoerythrocytic ones 

A companson has been made by Marshall and Dearborn (1946b) of the smgle- 
daily-dose and of the drug-diet methods of treatment m bu-d-malana (P lophttrae 
in ducks) m relation to the therapeutic activnly of numerous compounds , as found 
above, they showed that the relative activities of the different compounds are 
considerably affected by the concentration or dispersion of the dosage 

These results may now be considered m relation to the devising of routine 
tests of the antunalanal action of new compounds If the compound were given 
in a single dose (as is customary in experiments with mouse trypanosomiasis) the 
action of qumme, etc , would be manifested while that of sulphadiazme would 
probably be missed The maximum dose which can be tolerated depends upon 
the toxicity of the compound, and this is usually such that a senes of doses spread 
over four days is much less mjunous than a large dose on a smgle occasion 
Accordmgly the usually accepted regrnie of treatment spread over four days has 
much to recommend it smee (I) it provides sufficient duration for the slower acting 
compounds such as sulphadiazme, (2) it minunizes toxicitv and allows larger 
amounts of the compound to be given, and (3) it is not unduly labonous to 
admmistcr No expenments have been made m this work usmg schedules extend- 
ing over more than four days , as a routme measure such schedules would appear 
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to be more wasteful of labour and of material (which is often scarce) whfle 
offering insuflScient compensating advantage The routine tests earned out in 
this laboratory are therefore based on treatment lasting four days The general 
procedure has been described above in the section upon methods For infec- 
tions induced by trophozoites the response is read as the percentage of parasitized 
erythrocytes on the fifth day, and the geometneal mean for the group of buds 
is compared with that for the group of untreated controls If a compound is 
found to be active m the maximum tolerated dose, the dose is reduced in subse- 
quent tests until the lowest dose is found which reduces the percentage of 
parasitized cells to about one or two This is considered to be the approxi- 
mate minimum effective (therapeutic) dose For infections mduced by sporo- 
zoites, the chief criteria of the activity of a drug are complete suppression of 
infection or a delay m the appearance of parasites in the peripheral cnculation 
and prolongation of the Me of the chicken or recovery from the infection For 
quantitative determination of the activity, measurement is made of the minimum 
effective (prophylactic) dose which prevents the percentage of parasitized cells 
being greater than 1-2 on the 7th to 9th day when the infection has reached a 
high level m the controls no compound tested to date in this laboratory has 
been sufiRciently effective for its activity to be expressed as the mimmum dose 
which completely prevents infection The antimalarial activity, therapeutic or 
prophylactic, as expressed by these mmimum effective doses, is compared with 
the toxicity as determmed by the maximum tolerated dose for nuce, when 
administered orally twice daily for four days Smee the drugs are designed for 
use m man, the toxicity for mammals is more significant than that for birds, 
even though the tests for antimalanal potency are earned out m chickens 

Summary 

The methods used m the authors’ laboratory for testing the antunalarial action 
of drugs upon infections of P galltnaceum mduced by trophozoites and sporo- 
zoites are desenbed 

A given amount of qumme, mepaerme, and pamaquin exerts the maximum 
effect on trophozoite-mduced mfections of P gaUinaceiim if it is concentrated 
into the first day or first two days of treatment , with these compounds intensity 
of action is more important than duration A given amount of sulphadiazme 
produces the maximum effect upon trophozoite- or sporozoite-induced infections 
if it is dispersed over all the four days of treatment . with this compound dura- 
tion of action IS more important than mtensity The action of sulphadiazme is 
exerted both on the pre-endoerythrocytic forms of P gallinaceum (cryptozoites, 
etc ) and on the endoerythrocytic forms (trophozoites, etc ) 

In the test on trophozoite-mduced mfections there is no significant difference 
in the response whether the first dose is given immediatelv after the inoculation 
or 5 hours before it 
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The blood concentration curves of quinine, mepacrine, and sulphadiazine on 
the different dose schedules were determined Increasing the dose eight times 
mcreases the peak concentration m the blood only about twice 

Grateful acknowledgments are due to Miss Ann Bishop and Sir Rickard Chnstophers 
F R,S , for provision of strains of parasites and mosquitoes and for help in the technique 
of breeding of mosquitoes , to the Amencan Board for the Co ordination of Malaria 
Studies, and to Mr D G Dave> for much confidential information about antimalanal 
tests to Major J Reid and Prof C Rimington for help in the chemical estimations of 
drugs m the blood, and to Miss R I Berson and Miss V D Markham for technical 
assistance 

The drugs used were kindly supplied b> Ma> & Baker Ltd Dagenham, and Impcnal 
Chemical Industries, Ltd , Manchester 
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THE TOXICITY OF 

ALKYL FLUOROPHOSPHONATES IN MAN 
AND ANIMALS 

BY 

B A KILBY AND M. KILBY 
From the Physiological Laboratory, Cambridge 

CRccdved March 13 1947) 

In May, 1940, we prepared the dimethyl and diethyl esters of fluoro- 
phosphonic acid and tested their effects on animals as lethal inhalants When, 
about a year later, McCombie and Saunders prepared the dusopropyl ester, we 
found It had an even more powerful effect than the dnnethyl and diethyl 
compounds 

R = CH„’ C.H, or (CH^.CH 

dmikyl fiuorophosphonate 

The present paper deals with this early and first systematic study of the 
toxiaty of the fluorophosphonates which are now widely used for physiological 
experiments and climcal trials When the toxic action was discovered it was 
not possible for us to publish the results, which were, however, circulated as a 
report to the Mmistry of Supply (Adrian, Kdby, and Kilby, 1 940 ) 

The preparation of the fluorophosphonates and this study of their toxic pro 
perties was prompted by an observation of Lange and Krueger (1932) They 
had prepared the dimethyl and diethyl compounds and had stated at the end 
of their communication that inhalation for a few minutes might lead to diffi- 
culty m breathmg, to disturbance of vision, hypersensitivity to hght, and even to 
loss of consciousness 



Methods 

The dimethyl and diethyl fluorophosphonates used in these experiments were prepared 
by the method described by Lange and Krueger, and the dujopropyl ester was kindly sup- 
phed by Dr H McCombie, Dr B C Saunders and then- research team, who made it by 
the method announced m a prelimmary co mmuni cation (McCombie and Saunders 1946 ) 
The action and toxiaty of fluorophosphonates were studied m man by inhalation and 
m animals by inhalation as well as by intravenous or subcutaneous mjection 

Inhalation in man 

An approximately cubical steel-framed glass chamber of 10 cujn capacity was 
used The desired concentration of ester vapour was obtained by dissolvmg the calculated 
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weight of the compound in about 20 cc of ether and spraying it into the chamber by 
means of an atomizer worked by compressed air, mixing being achieved by three electnc 
fans After about 30 sec., the subjects, one to four m number, who had been waiting 
m an air-Iock, walked into the chamber and quickly shut the door behind them At the 
end of the exposure, the subjects left through the air-lock, and the chamber was cleared 
by a large suction fan In the calculation of the concentration (eg 1 in 100,000) it is 
assumed that the ester is completely volatilized and that the grara-moiccular weight occupies 
a volume of 22,4 litres 

Inhalation in animals 

Siatic method — A wood-framco glass chamber of 178 cujn capacity was used 
A batch of animals (e g , 3 rabbits, 4 guinea-pigs, 6 rats, and 10 mice) was placed inside m 
wire cages, the chamber sealed and the calculated amount of fluorophosphonate dissolved 
m 20 cc of ether sprayed mto it. The exposure was timed from when about half of 
the raatenal had been dispersed, an operation which usually took less than a mmutc 
Mixing was achieved by an electnc fan m the chamber At the end of the exposure, an 
exhausting fan was switched on, the chamber opened and the cages removed by two 
operators wearing service respirators The animals were removed to another room and 
kept under observation Post-mortem exammations were made on animals that died 

Constant-flow technique — ^An apparatus was constructed contauung an all-glass 
exposure chamber of about a litre capacity fitted with ground glass jomts, m which 
either one rat or four mice could be placed A constant stream of air, at a knowm rate 
of flow, was passed through this chamber, either by usmg compressed air which was passed 
through a gas-meter m senes with the chamber or, m other experiments, by suction, 
measured amounts of water bemg run out of a 20-litrc aspirator All or part of the air 
stream could be passed through a bubbler contauung duropropyl fluorophosphonate, which 
was weighed before and after the expenmenFto detenmne the amount of ester volatilized 
The rate of volatilization was also controlled by varying the temperature of the water-bath 
m which the bubbler was immersed An identical bubbler contammg sulphunc acid was 
fitted m parallel, and m an exposure pure air was passed through the chamber until condi- 
tions were steady and the animal calm, and then by means of a three-way tap the au stream 
was caused to pass through the ester for the desired time In this manner it was possible 
to make 1-min exposures, because the desired concentration was rapidly attamed at 
the beginmng of the exposure, and the ester quickly swept out at the end 'When only a 
part of the total au stream was passed through the bubblers, flow-meters were mcluded m 
the cucuit so that the au streams could be adjusted to give approximately the desired 
concentration of ester The two au streams were allowed to nux m a suitable compart- 
ment before entenng the exposure chamber The bubblers, mixers and exposure chamber 
were connected by ground glass jomts 'SVhen necessary, the gases leaving the exposure 
chamber were passed through towers contammg activated charcoal or through service 
respirator canisters m order to remove the ester vapours 


Results 

Inhalation in man 

The mhalation of air containing low concentrations of dimethyl, diethyl, 
or diijopropyl fluorophosphonate leads to effects qualitatively s imilar for all 
three esters, but varymg m mtensity with the nature of the ester dispersed, its 
concentration, and the tune of exposure Withm a nunute or so a feehng of 
tightness of the throat is noticed and respiration becomes shghtly more laboured 
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A few minutes later the pupils constrict to pm-pomt size and remain so for a 
long period , this causes the subject to experience the sensation that the room 
has dimmed, as though the sky had suddenly become heavily overcast After 
a few hours, readmg’ becomes almost impossible unless the book is held only a 
few mches from the eyes , at a distance of about 18 m print appears blurred 
This eSect must be due to a strong constriction of the ciliary muscles The 
diisopropyl ester has the most powerful action of the three compounds When 
two subjects were exposed for 3 mm to a nominal concentration of 1 in 
100,000 (82 mg /cum) of this material, a tightness of the throat and shght 
difficulty m mspiration occurred dunng the exposure, and about 10 mm. later 
the pupils constncted to pin-pomt size and remamed so for days The miosis 
subsided after about a week m the younger subject (28 years) and after two or 
three days m the elder (60 years) After about 24 hours there was eye-ache and 
headache which persisted for a day or two 

Inhalation m animals 

Animals were exposed for longer periods and to higher concentrations than 
those used with man, and severe symptoms were produced, death frequently 
resultmg The effects were approximately the same m all species exammed and 
with each of the three compounds There was excessive salivation, nasal 
discharge, lacrimation and frequently pupil constncbon, respuatory distress 
accompanied by mtense gaspmg movements, and, m severely affected ananals, 
convulsions leadmg to death, which usually occurred withm about half an hour 
of the begirmmg of the 10-mm exposure, and sometimes actually dunng the 
exposure The rapidity of action of these materials as lethal mhalants is note- 
worthy and the majonty of animals that survived half an hour usually made a 
complete recovery, although a few deaths occurred up to 24 hours 

The mortalities produced m rabbits, gumea-pigs, rats, and mice by 10-min 
exposures to vanous nommal concentrations of the three compounds are shown 
in Table I For each experiment 3 rabbits, 4 gumea-pigs, 4 or 6 rats, and 4 or 
10 mice were exposed m a static chamber Of the four annnal species, it will 
be seen that rabbits are the least and mice the most susceptible 


TABLE I 

DEATHS RESULTING FROM 10-MlN EXPOSURE OF SMALL ANIMALS TO VARIOUS CONCEN 
TRATIONS OF FLUOROPHOSPHOMC ESTERS 


Compound 

b 

4 ethyl esti 

er 


Ethyl estt 

1 

if 

/soprop 

yl ester 

1 

Concentration 

1/5,000 1 

[l/J0,000 j 

J/20000 

J/5,C00 1 

1/WOOO 

J/20,000 

1/10,000 


Rabbits 

Guinea-pigs 

Rats 

Mice 

0/3 

3/4 
, 4/4 

1 4/4 

o 

0/3 

1 0/4 

' 4/4 

0/3 

2/4 

4/4 

4/4 

0/3 

1 0/4 

0/6 

' 10/10 

0/3 

0/4 

1/4 

0/4 

2/3 

0/4 

6/6 

10/10 

0/3 

0/4 

4/6 

3/10 
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A more detailed study was made of the toxicity of the diuopropyl ester for 
rats and mice , the concentration necessary to kill 50 per cent of the animals 
exposed (LC50) was determined for each of five constant exposure times (1, 2, 
5, 10, and 30 min ) b> the constant-flow technique A convement measure of 
the toxicity of a lethal inhalant is obtained by the product of the LC50 and the 
time of exposure in mmutes (/) This value is referred to in the present paper 
as the LC/50 Ideally it should be a constant and independent of the exposure 
time, but if detoxification takes place dunng exposure LC/50 should mcrease 
greatly dunng long exposure to a low concentration , this is observed, for 
mstance, when hydrogen cyanide is used as a lethal mhalanL The small changes 
observed m the ralues of LC/50 in our experiments with fluorophosphonates, 
howe\er, were probably not statistically significant, but a mmunum value of the 
LC/50 at 5-10 mm might be indicated With the static method an mcrease in 
LC/50 with longer exposures may mdicate that the concentration of toxic agent 
IS fallmg off, but this effect can be elimmated by the constant-flow technique, m 
which a constant concentration is mamtamed by replacement The LC/50 values 
for rats usmg 10- and 30-min exposures were determined by both static and 
constant-flow methods, and almost identical values were obtamed, mdicatmg that 
no appreciable decay of concentration occurred in the static method up to 30 mm , 
so that the nommal concentrations employed m the static method used to obtain 
the data m Table 1 are probably fairly close to the true concentration 

Estimates of the LC50 and LC/50 values for rats and mice are shown m 
Table n These estimates were obtamed, by graphical mterpolation, from the 
results of experiments m which at least 4 animals were used to determme each 
pomt on the mortality-concentration curves , m all, 197 rats and 390 mice were 
used 


TABLE U 

I-C50 AND LC/50 values for rats and ^^CE EXPOSED TO DIUOPROPYL FLUOROPHOSPHONATE 
CONSTANT-FLOW TECHNIQUE 


Animal 

Exposure time 
nun 

Deaths 

within 2 hr 

d 

1 

within 48 hr 

LC50 
mg /cu IT 

La50 

mg /cu m /min 

LC50 
mg./cu m. 

LO50 

mg./cu m /mm 

Rats 

1 

4^00 

4.200 

4200 

4200 


2 

2.000 

4000 

1 800 

3,600 


5 

700 

3 500 

570 



10 

360 

3 600 

280 

Z800 

y. 

30 

180 

5 400 

150 

4,500 


1 

5 000 

5000 

4000 

4000 


2 

2 650 

5 300 

1,900 

3 800 


5 

750 

3 750 

540 

2,700 


10 

440 

4400 

350 

3300 


30 

185 

5 550 

150 

4300 





238 


B A KILBY AND M KILBY 


A more detailed analysis of the survival period of these animals shows that 
55 per cent of the rats and 53 per cent of the mice had died within the first 
2 hours after exposure , durmg the next 48 hours a further 15 per cent of the 
rats and 22 per cent of the mice died . there were no further deaths among the 
rats and only 1 per cent among the mice, 30 per cent of the rats and 23 per 
cent of the mice survivmg The rapid lethal action of fluorophosphonates 
becomes even more evident if the deaths occurrmg durmg the first two hours 
are grouped m half-hour mtervals . if for this calculation the deaths after 30-mm 
exposure are omitted, it is found that the majonty of annuals died within the 
first half-hour after exposure Of the 108 rats dymg withm the first two hours, 
95 died withm the first, 10 withm the second, and 3 withm the third half-hour 
penod after the begmnmg of exposure , the correspondmg figures for 207 mice 
dymg durmg the first two hours were 183, 10, 9, and 8 mice respectively for the 
four half-hour mtervals 

Injection into animals 

After mjection of a solution of the dusopropyl ester m normal sahnp mto the 
ear vem of rabbits there was excessive sahvation, muscular twitchmgs, and loss 
of muscular co-ordmabon, sometimes urination and defaecation and usually con- 
vulsions prior to death The pulse-rate was slowed like the respnatory-rate, but 
respiration ceased before the heart stopped beatmg There was constnchon of 
the pupils, commencmg 2-5 mm after mjection The LD50 determmed m a 
small number of rabbits was 0,5-0 75 mg /kg 

The LD50 for mice for subcutaneous mjection of the dirsopropyl ester dis- 
solved m normal salme was 4 mg /kg , determmed by graphical mterpolation of 
the results of mjections mto batches of mice over a suitable dose range 

Atropine 

Since It had been found (see Adnan, Feldberg and Kilby, 194b, 1947) that fluoro- 
phosphonates were extremely strong inhibitors of cholinesterase, experiments were made 
to determine whether atropine would be an effective anUdote 

In rabbits intravenous injections of atropine were made either before or immediately 
after intravenous mjection of a lethal dose of diirojiropyl fluorophosphonatc. When 
atropine was mjected after the ester it was mcapable of savmg life, but when it was mjectcd 
before the ester it appeared to reduce the death rate For instance, when atropine (in 
doses between 4 and 50 mg /kg ) was injected immediately after a lethal dose of difroprojiyl 
fluorophosphonate (1 mg./kg.) the sole effect was to alleviate the seventy of the symptoms 
and postjjone death for a short time. This effect of atropme occurred only if the atropmc 
was given immediately after the fluorophosphonate if given only a few nunutes later 
atropine had no alleviating effects whatever When, on the other hand atropine (10 mg 
per kg.) was given mtravenously 10 mm before a lethal mtravenous dose of fluoro- 
phosphonate (1 mg. /kg) the appearance of symptoms was not only delayed and their 
seventy reduced, but the lives of some of the animals were actually saved , for mstance, 
out of five rabbits so treated, three survived and the other two died only after H to 3i days, 
whereas all five control rabbits, given the fluorophosphonate without atropine, died within 
45 min 
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Discussion 

The toxic effects of the fluorophosphonates resemble m many respects those 
of esenne and prostigminc and arc probably due to the anti-cholmesterase 
activity which these esters ha\c been shown to exhibit (Adrian, Feldberg, and 
Kilbv, 1 946, 1 947 ) Paras>mpathomimctic effects arc verv pronounced the eye 
effects, the excessive salivation and laenmatton and the slowing of the heart 
may easily be explained as being due to accumulation of acelylcholme released 
from the parasympathetic endings It is thus not surprising that these effects 
are alleviated by atropine In addition the fluorophosphonates appear to have 
a definite “ nicotine-like " action on skelcial muscle and on the central nervous 
sjstem The excitatoity effects of fluorophosphonates on these structures are 
less pronounced, and the paralysing effects predominate The fluorophosphonates 
share this predominance of a paralysing action with other anti-cholinesterases, 
and the problem of why under certain conditions some inhibitors of chohnesterase 
are mainly exatatory and others mainly depressant has never been satisfactorily 
explamed (For review' sec Feldberg, 1945 ) 

Death from fluorophosphonate poisoning probably results from respiratory 
failure, partly owing to obstruction of bronchioles, but mamly to paralysis of 
the respiratory centre , m this way too, the fluorophosphonates resemble other 
anti-cholmesterases However no detailed analysis has been made of the exact 
nature of the cause of death 


Summary 

1 Inhalation of fluorophosphonates in man and animals leads to respiratory 
distress, pupillary constriction and spasm of accommodation In animals, 
inhalation m higher concentrations than those used m man causes m addition 
excessive salivation lacrimation, convulsions and death, probably owing to 
respiratory failure Similar effects are observ'ed in animals on mtravenous 
injection of fluorophosphonates 

2 The percentage of deaths among small animals after 10 mm exposure to 
'"anous concentrations of dimethyl, diethyl, and diisopropyl fluorophosphonates 
IS recorded The concentration of diiropropyl fluorophosphonate which will kill 
50 per cent of rats or mice exposed (LC50) was found for 1, 2, 5, 10, and 30 mm 
exposures The product of the LC50 and the tune of exposure m mmutes (the 
LC/50) was found to vary between 2,700 and 4,500 mg /cu m /ram The LQ50 
showed a minimum for 5 to 10 min exposures 

3 Death, if it occurred, usually took place withm the first half-hour after 
exposure 

4 The LD50 of di/sopropyl fluorophosphonate is about 4 mg /kg for sub- 
cutaneous injection m mice and 0 5-0 75 mg /ke for intravenous injection m 
rabbits 
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5 Atropme given before the fluorophosphonate alleviated the seventy of 
symptoms and reduced the death rate, but had little effect if given afterwards 

We are indebted to Professor E D Adrian and Dr W Feldberg for much helpful 
advice and cnUcism during this work, and to the Chief Scientist, Mimstry of Supply, for 
permission to publish these results 
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From the Research Department, The British Drug Houses Ltd 
Graham Street City Road London, N I 

(Recdrcd March 15 1947) 

Berger and Bradley (1946, 1947) have shown that a ;8-dihydroxy-y-(2'inethyl- 
phenoxy)-propane (“ myanesm ”) produces muscular relaxation and paralysis in 
expienmental animals The effects of the drug are of particular interest because 
paralysing doses of myanesm do not cause arrest of respiration In this respect 
myanesm differs from curare and similar muscle-relaxing agents, which do not 
produce paralysis without simultaneous respiratory depression or arrest It was 
therefore of mterest to examine in greater detail the mechanism by which the 
effects of myanesm arc produced This report describes certam aspects of the 
action of the drug on voluntary muscle, the myoneural junction, peripheral nerves, 
and the central nervous system 

Action on the isolated voluntary muscle 

The action of myanesm was investigated on the isolated rectus abdominis of the frog 
{R temporaria) during November and December The muscle was suspended m oxygenated 
Ringer’s solution and arranged for recording the contractions on a kymograph Concentra- 
tions of drugs were expressed as final concentrations in contact with the muscle Myanesm 
at 1 m 750 or higher dilutions did not cause any effects Stronger solutions such as 1 m 500 
produced a slow contracture, which began about 10 minutes after the addition of the drug 
and gradually mcreased until about 1 hour later the muscle had shortened by about one 
quarter of the maximum possible contraction At this stage the muscle still responded to 
elecUical stimulation 

The effect of myanesm on the contraction produced by acetylcholme was also 
investigated Acetylcholme, 1 100,000 produced almost maximum contraction, after 
2 similar contractions had been produced, myanesm or other drugs were added and allowed 
to remam m contact with the muscle for 10 minutes The muscle was then washed and 
the response to acetylcholme retested at suitable mtervals until contractions were obtained 
similar to those before apphcation of the drug. 

Table I gives the reduction of the contraction expressed as the percentage of 
the contraction before administration of the drug Myanesm 1 m 1,000 reduced 
the response to acetylcholme to about one half and 1 m 750 to about one third 
Stronger solutions of myanesm were not used because they affected the muscle 
Itself Tubocurarme chloride and procame hydrochloride, when similarly 
exammed, were found to exert a very much stronger effect than myanesm The 
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TABLE 1 

THE ANTAGONISTIC EFFECT OF MYANESIN AND TUBOCURARINE ON CONTRACTIONS OF THE 

frog’s RECTTJS ABDOMINIS 


Contractions were produced by acetylcholine 1 m 100,000 


Drug j 

j 

Reduction of contraction 

Dilution ‘ 

as per cent of onginal 

{ 


contraction 

Myanesin 1 

1 2,000 , 

25 

i 

I 1,000 

I 53 


I 750 ' 

' 68 

Tubocuranne chloride ! 

1 1,000 000 

1 36 

1 

j 1 750,000 

\ 46 


1 1 500,000 

1 60 

! 

I I 100,000 

! 


concentrations of tubocuranne chlonde, procaine, and myanesin causing approxi- 
mately 50 per cent reduction in the response to acetylcholme were 1 m 700 000, 
I in 6,000, and 1 in 1 000 respectively 

The experiments show that myanesin in high dilution does not antagonize 
the action of acetylcholine on voluntary muscle It is therefore likely that 
myanesin produces its effects by a mechanism different from that of curare 
Althougli myanesm and procaihe are local anaesthetics of almost equal potency, 
procaine antagonizes the effects of acetylcholine more strongly than myanesm 
This observation suggests that the curare-ltke action of local anaesthetics is an 
independent property of such drugs and may have httle relation to their paralysmg 
effects on nerve endings or nerve trunks 

EQect on peripheral ner\es 

TTie action of myanesm on the motor nerve was examined on a simple muscle nerve 
preparation of the frog The sciatic nerve was immersed in a solution of the drug 
Excitability was tested at the cut end of the nerve at 1 minute intervals with galvanic current 
from an inducuon coil The time after which contraction of the muscle was abolished 
was noted The action on sensory nerves was examined by the plexus anaesthesia method 
in frogs and the intracutaneous weal method in guinea-pigs as described by Bfllbnng and 
Wajda (1945) Cocaine or procaine were used as standards of companson All drugs 
were used at three dose levels 

TABLE n 


I OCAL ANAESTHETIC POTENCY OF MYANESIN EXPRESSED IN TERMS OF PROCAINE AND COCAINE 


Methjxl 

j 

Number 
of animats 
used with 
myanesm 

Number | 
of animals 1 
used with 
procaine 

Potency as 
percentage 
of that of 
procaine 

Number 
of animals 
used with 
cocaine 

Potency as 
percentage 
of that of 
cocaine 

Motor nerve (frog) 

12 

12 

98 

12 

35 

Sensory nerve (frog) 
Intracutaneous weal (guinet- 

12 

12 

96 

12 

39 

P'g> 

18 

18 

69 
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The results are summarized in Table II Myanesm had about the same 
potency as procame and one third that of cocame wlien tested on the motor and 
sensory nerve of the frog When examined by the intracutaneous weal method 
in gumea-pigs, myanesm had about two thffds of the activity of procame The 
relaavely weak local anaesthetic action of myanesm suggests that the paralysmg 
effect of the drug is not due to a direct action on peripheral nerves 

The curare-Uke action 

It has been shown previously that myanesm m large and nearly lethal doses 
can produce paralysis of the muscle to indirect but not to direct stimulation 
This effect may be due either to a curare-like action at the myoneural junction 
or to a more central paralysis of the nerve-endings (Berger and Bradley, 1946) 
Further experiments were carried out to ascertain the importance of this effect 
in myanesm paralysis 

(a) Experiments on cats — Chloraloscd or decerebrated cats were arranged for registra- 
tion of contractions of the gastrocnemius muscle The muscle was stimulated alternately 
directly and mdircctly at 10 seconds mtervals by single induction shocks Intravenous 
injection of myanesm in doses up to 150 mg. did not effect the response to direct or indirect 
stimulation in any way Tubocuranne chlonde (0 5 mg.) abolished the response of the 
muscle to indirect sUmulauon but hardly influenced the response to direct stimulation 
The expenments show that myanesm injected mto cats m doses of 150 mg. does not possess 
curare-like action 

(b) Expenments on mice — White mice weighing 18 to 22 grams were mjected intra- 
pentoneally with myanesm, cocame, or procame After 10 mmutes they were anaesthetized 
'vith ether and decerebrated The sciatic nerve was then exposed in the gluteal region and 
cut Fifteen and thirty mmutes after injection of the drug, the penpheral end of the nerve 
was stimulated with faradic current of increasing voltage and the presence or absence of 
contraction of the muscles of the leg was noted 

Myanesm m doses of 300 mg per kg (i e , about 50 per cent of the LD50) 
dtd not cause paralysis of the muscle to indirect stimulation Larger doses such 
as 500 mg per kg (80 per cent of the LD50) made even the strongest stimulation 
of the -nerve meffective after 30 min , but did not sigmficantly alter the threshold 
to direct stimulation The disappearance of the response to mdirect stimulation 
could be caused by a depression of neuromuscular transmission or by paralysis 
of the nerve It was of mterest to ascertain whether other local anaesthetics 
such as cocaine or procame, could paralyse motor nerves when admmistered m 
very large doses Cocame m doses as large as 100 mg per kg (LD75) did not 
abolish or impair the response to mdirect stimulation Snnilar results were 
obtamed with procame It does not appear possible to produce paralysis of 
penpheral nerves by the systemic administration of local anaesthetics such as 
cocaine or procame It is therefore unlikely that paralysis to indirect stimulation 
produced by large doses of myanesm could be due to a paralysmg action on the 
nerve, particularly as myanesm is a less potent local anaesthetic than cocame 
Myanesm may have an effect on the nerve because of a selective afBnity of the 
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nerve tissue for the drug, but no evidence in favour of this assumption is avail- 
able It appears more likely that myanesm can block neuromuscular transmission 
when administered m very large doses This curare-like effect does not play any 
part m the production of reversible muscular paralysis with smaller doses because 
under such conditions paralysis to mdirect stimulation was never observed 

The myanesin-strychnme antagonism 

It has been shown previously that myanesm can antagonize the actions of 
strychnme (Berger and Bradley, 1946) In those experiments the drugs were 
administered subcutaneously m 2 5 per cent gum acacia solution To measure 
the antagonistic effect more accurately a senes of experiments was earned out 
m which the drugs were admmistered mtravenously With this mode of admmis 
trahon, vanations due to differences m the speed of absorption were ehmmated 

White mice weighing 18 to 22 grams were used InjecUons were made into the tail 
vein at a rate of 0 3 c c per minute The convulsant and myanesm were injected together 
m a volume of 0 4 c.c per 20 grams body weight 

The minimal lethal doses (MLD), approximately equal to the LD80, of strychnme 
sulphate and leptazol were 043 and 100 mg per kg respecuvely The median lethal dose 
(LD50) of myanesm was 320 mg per kg 

Mice were injected with smgle minimal lethal doses of strychnme or leptazol, or 
multiples thereof Myanesm was administered simultaneously and, for each dose of the 
convulsant, doses of myanesm were found which protected some of the animals from death 
From these values the dose of myanesm protectmg 50 per cent of animals was found 
graphically by plottmg the probits of the percentage mortality against the log doses 

TABLE ni 


STRYCHNINF-MYANESIN ANTAGONISM AFTER SIMULTANEOUS INTRAVENOUS ADMINISTRATION TO MICE 


Strychnme 
dose as 
multiple 
of MLD 

1 

[ Myanesm 

Ratio to number 
injected of number 

Dose of 
myanesm 
protecting 
50% of mice 
mg /kg 

mg /kg 

fraction 

ofLDSO 

convulsed 

died 

1 

— 



35/35 



1 

40 

1/8 



12 

1 

20 

1/16 




1 

1 

10 

1/32 

9/10 

6/10 


2 

80 

1/4 

0/20 

0/20 


2 

40 

1/8 

17/20 

7/20 

34 

2 

20 

1/16 

10/10 

9/10 


3 

320 

1 




3 

160 

1/2 

6/10 


80 

3 

80 

1/4 


mm ■ 


4 

320, 

1 

7/20 

12/20 


4 

160 

1/2 

20/20 

10/20 

160 

4 

80 

1/4 

10/10 

10/10 
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The antagonistic action of myanesm against leptazol was relatively weak 
About one quarter of the LD50 of myanesm protected 50 per cent of the animals 
agamst 1 MLD of lepta7ol The effect of myanesm m mamtammg life was 
greater than its power to prevent the occurrence of convulsions Protection 
against 2 MLD of leptazol could not be obtained even when admmistered together 
with one LD50 dose of myanesm 

The antagonistic action of myanesm to the effects of strychmne was well 
marked Animals could be protected from the effects of one MLD dose of 
strychnme by as httle as one thirtieth of the LD50 of myanesm, and proportionally 
larger doses were able to antagonize larger doses of strychnme (Table HI) 

When the median protective dose of my- 
anesm was plotted agamst the dose of strych- 
nme, expressed m terms of MLD, both values 
bemg plotted on a logarithmic scale, an approxi- 
mately strai^t Ime was obtamed (Fig 1) 

In suitable dosage myanesm antagonized all 
the effects of strychnme, and animals to which 
balanced mixtures of the two drugs had been 
administered appeared quite normal The 
myanesm-strychnme antagonism was more 
complete than the hexobarbitone-strychnme 
antagomsm , m the latter it was not possible to 
find a balanced mixture, because doses of hexo- 
barbitone which protected mice from convul- 
sions and death caused a depression of greater 
duration and mtensity m the presence of strych- 
nme than m its absence 

Strychnme causes an mcrease of the reflex 
imtability of the spmal cord which may result 
m simultaneous contraction of all skeletal 
muscles if sufficiently large doses are given 
Myanesm selectively antagonized the effects of 
strychnme m doses which by themselves did 
not produce any effects It may therefore be 
inferred that myanesm decreased reflex hyper- 
excitabflity and prevented the passage of abnormal excitatory impulses through 
the reflex arcs 

Effect on tetanus 

The effect of myanesm on experimental tetanus was exanuned m white mice. Ten 
miciograms of crude tetanus toxm were mjected mto the neighbourhood of the sciatic 
nerve high m the thigh. Local tetanus was apparent about 12 hours later and all animals 
died of generalized tetanus m about 3 days. Myanesm was admmistered mtrapentoneally 
or subcutaneously at vanous times after tetamc spasms became apparent In doses of 



Fig I — ^Antagonism of myanesm 
and strychmne. Abscissae 
Dose of strychnme as mul- 
tiple of MLD Ordinates 
Dose of myanesm protccUng 
50 per cent of animals 
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150 to 200 mg pet kg. U completely abolished the spasm in all stages of the disease. The 
board-like ngidity of the extremities gave place to complete flacadity a few minutes after 
mjection of the drug Myanesm in these doses did not cause depression of respiration or 
any other untoward effects and poisoned animals under the influence of the drug were 
indistinguishable from control animals to which myanesm only had been given. The 
effect of the drug lasted for about 30 min and was followed by a gradual reappearance 
of tetanus Repeated doses of myanesm caused sirmlai effects and regularly released the 
spasm The impression was gamed that the life of the animal could have been saved by 
continuous or frequently repeated administration of the drug. 

The action of tetanus toxin on the centra] nervous system is simflar to that of 
strychnine The fact that myanesm can re-estabhsh reciprocal innervation m 
conditions produced by these two different agents gives rise to the hope that it 
may also influence pathological excitatory innervation caused by degenerative 
processes of the central nervous system 


Effect on knee jerk 

The effect of myanesm on the knee Jerk was studied in cats The animals were 
anaesthetized with chloralose intravenously and arranged for recording of the knee jerk 
as desenbed by Schweitzer and Wright (1937) The limb was allowed to hang freely m 
order to facilitate observation of alteration m muscle tone The jerk as a rule was elicited 
every 10 seconds 

Myanesm did not abolish the knee jerk of healthy cats. Intravenous doses ranging 
from 2.0 to ISO mg per cat either did not cause any alteration or somewhat reduced the 
height of the myographic record (Fig 2) i the flexion at the knee joint was usually increased, 



Fig 2 —Cat 2 8 kg Chloralose (0 08 g per kg.) Record of knee jerk Time intervals 
30 seconds At arrow 30 jng myanesm slowly injected intravenously 

signifying a decrease m the tonus in the muscles, but complete inhibition of the jerk was 
not observed 

Some of the cats used m the experiments showed a very lively reflex followed by 
clonus Exaggerated reflex excitability and tremors were also observed m certain animals 
under light chloralose anaesthesia (0 05 g chloralose per kg ) Myanesm had a definite 
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effect on the knee jerk of these animals (Fig 3A and B and Fig 4) It inhibited clonus 
and tremors, abobshed the irregular responses to patellar stimulation and reduced the 
knee jerk to its usual size These effects could be produced with small doses of myanesm 
(20 to 30 mg. per 3 kg cat) The effect set in almost immediately and lasted for about 
20 minutes and sometimes longer 




Fig 3 — Records of knee jerk in cats weighing 2 8-3 1 kg. Jerk elicited every 10 seconds 
Drugs injected intravenously A Chloralosc 0 05 g per kg., myanesm 50 mg. B 
Chloralose 0 06 g jier kg , myanesm 150 mg C Chloriose 0 06 g. per kg., strychnine 
0,2 mg., myanesm 50 mg D Chloralose 0 05 g per kg., strychnine 0 4 mg., myanesm 
100 mg 


The effect of myanesm on the expenmentally increased knee jerk was also studied. 
Cats were mjected with doses of strychrune msufiBcient to cause convulsions but produemg 
exaggerated reflex activity Myanesm in small doses promptly counteracted this mcreased 
reflex excitabihty and caused an immediate reduction of the reflex to the level present 
before administration of strychrune (Fig. 3C and D ) 

The effects of myanesm on the knee jerk of rabbits anaesthetized with urethane were 
also exammed , they were similar to those observed m cats Myanesm, 100 mg. per rabbit 
weighmg about 3 kg., caused a decrease m the size of a few jerks immediately foUowmg 
the injection Smaller doses did not influence the size of the jerk but abolished tremors, 
clonus and spontaneous movements of the leg. 
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Fig 4 — ^Record of knee jerk Cat 3 4 kg Chloralosc 0 08 g per kg Tirne interval 30 seconds 
At first arrow 30 mg myanesin, at second arrow 100 mg myanesin i v Between A and 
B a piece of the record occupying 40 minutes was cut out 


The experiments show that although myanesm has little effect on the normal 
knee jerk of the cat, it is very effective m reduemg an exaggerated reflex to its 
normal size Myanesm m suitable doses may therefore exert an inhibitmg action 
on pathologically exaggerated functions of the central nervous system without 
mfluencmg normal reflexes 


Discussion 

The experiments reported m this paper show that the effects produced by 
myanesm are due to its peculiar action on the spmal cord Myanesm selectively 
depresses hyperexcitability of spmal reflexes, but hardly influences the normal 
reflex actions mediated through the cord Symptoms of hyperactivity, whether 
due to the action of poisons or to light anaesthesia, can be inhibited with smaller 
doses of myanesm than those requu^ for the depression of normal physiological 
funebons Strychnme convulsions m mice can be counteracted with as httle as 
20 mg per kg mtravenously, but 150 mg per kg or more, administered by the 
same route, are required to paralyse the animal In cats 20 mg abolished tremors 
and clonus, but 150 mg did not abolish the knee jerk The relation between the 
dose required to bnng hyperfunction back to normal and that causmg depression 
of normal function was approximately the same with mice, rabbits, and cats 

The depressant action of myanesm on the penpheral nerves (the local anaes- 
thetic action) IS too weak to play any part m the effects produced by systenuc 
admmistration of myanesm In concentrations which can be achieved after 
systemic admmistration, myanesm does not exert any direct relaxing action on 
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muscles and does not block the action of acetylcholme on them The curare-hke 
action obtamed with large doses is of toxicological mterest only and never 
becomes apparent with doses from which animals recover It is mcorrect to call 
myanesm a curanzmg agent, because doses causmg relaxation dunng anaesthesia 
do not influence neuromuscular transmission, but produce relaxation by a 
depressant action m the spmal cord 

Muscular relaxation produced by myanesm differs from that produced by 
curare not only m that the drugs act on different structures, but also m the order 
and degree m which various groups of muscles are affected With curare, muscles 
mth cranial innervation are affected first , the peripheral and mtercostal muscles 
are paralysed next, and with complete curanzation the diaphragm is affected to 
almost the same extent as other muscles With myanesm the muscles of the 
postenor half of the body are affected first, next the peripheral and mtercostal 
muscles, then the cranial muscles , the diaphragm is affected last and there is a 
distmct margm between doses causing muscular paralysis and those causmg arrest 
of respiration 

Both curare and myanesm have been used for the production of muscular 
relaxation durmg anaesthesia (Mallmson, 1947) Curare is the agent of choice 
for complete suppression of respiration, such as is requuad durmg certam opera- 
tions on the lungs Mytmesm, on the other hand, appears to be more useful for 
the production of muscular relaxation when suppression of respiration is not 
desired Myanesm should never be used for the production of respiratory arrest, 
because the doses requu-ed for this purpose are large and affect the heart and 
blood pressure 

Occasionally when an attempt was made to produce respuatory arrest m an 
already paralysed rabbit by rapid mtravenous mjection of myanesm, a general 
ngidity without arrest of respiration developed The ngidity, which m appear- 
ance was similar to decerebrate ngidity, lasted for about 1 mm , and was followed 
by profound muscular relaxation from which the animals recovered The cause 
of this symptom is not understood It may be due to a direct action on the 
muscle It was observed only m certam rabbits after rapid mtravenous mjection 
of concentrated solutions It was not seen m anaesthetized animals Other 
species of animals, as well as most rabbits, showed respumtory arrest if 
administration was contmued after complete paralysis was obtamed 

The ngidity observed after rapid mtravenous mjection to certam non-anaes- 
thetized rabbits is the only sign of stimulation which has been observed with 
myanesm With this exception myanesm caused pure depression m all species 
which were exammed and at all dose levels Crystallme if-tubocurarme chlonde, 
on the other hand, may cause conspicuous signs of central stimulation such as 
trembhng, hyperexcitabflity to stunuh, muscle twitchmg, and convulsions These 
symptoms are particularly well marked m mice and rats, but can also be observed 
in other species (Cohnberg, 1946) 
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West (1935) observed that certain samples of curare removed the violent 
spasm of parathyroid tetany m dogs without paralysmg the animal This selective 
removal of pathological ngidihes without apparent dumnution of voluntary 
power was termed hssive action by West Pure crystallme tubocuranne chlondc 
possessed no trace of hssive power m dogs 

Experiments reported m this paper mdicate that myanesm possesses a hssive 
action It should, therefore, prove useful m the treatment of spastic paralysis, 
hypertomc states, and tremors It may be expected that myanesm will be 
effective m these conditions m doses which do not affect consciousness, do not 
dimmish muscular power, and do not cause side effects Similar results may also 
be expected after oral admmistration because myanesm is well absorbed from 
the mtestinal tract 


Summary 

1 Myanesm m hi^ dilution had no direct action on the rectus abdommis 
of the frog and did not block the action of acetylcholine on this muscle 

2 The local action of myanesm on penpheral nerves was similar to that of 
procame 

3 In doses causmg reversible paralysis, myanesm did not possess a curare- 
hke action, but toxic doses had a blocking effect on the myoneural junction 

4 Myanesm had but little effect on the norma] knee jerk An exaggerated 
knee jerk due to hght anaesthesia, strychmne, or unknown causes was promptly 
reduced to the usual size 

5 Myanesm m small doses antagonized all the effects of strychnme and 
reheved tetamc spasm 

6 Myanesm had a selective depressant action on the spmal cord In doses 
which had httle effect on voluntary power it restored deranged reciprocal inner- 
vation to normal and counteracted symptoms caused by a release from inhibitions 
as observed dunng light anaesthesia The powerful effect of myanesm on tremors, 
mcreased reflex excitabihty, and similar symptoms suggests that it may be useful 
m the treatment of spastic and hypertonic conditions 

I wish to express my thanks to the Directors of The Bntish Drug Houses, Ltd , for 
their interest in the work and their permission to publish the rtsults My thanks are also 
due to Mr R A Hall and to Misses B J O’Bnen, L F Camck, D M Culver, D M 
Gurney, B Hall, E U Haywards and MEL Tattcrsall for technical assistance 
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THE USE OF DRUG ANTAGONISTS 
FOR THE IDENTIFICATION AND 
CLASSIFICATION OF DRUGS 

BY 

R O SCHILD 

From the Department of Pharmacology, University College, London 

(Received Mireh 72. 1947) 

A sensitive biological method for the identification of drugs has been 
described by Chang and Gaddum (1933) It consists m estimating the activity 
of an unknown substance m terms of a standard, quantitatively, m several 
different pharmacological tests As a rule the ratio of activity between standard 
and unknown in different tests is only constant if the two samples are chemically 
identical, otherwise the ratio of activity m different tests vanes By this method 
even closely related substances may be differentiated 

Another biological method for the identification and differentiation of drugs 
consists m testmg quantitatively their responses towards antagonists It has 
been shown m a previous commumcation (Schild, 1947) that the effects of 
histamme and acetylcholme may be thus distmguished, smee many antagonists 
although unspecific at high concentrations will differentiate between these drugs 
at lower concentrations The present mvestigation is concerned with the question 
whether drugs which are more closely related than histamme and acetylcholme 
may also be differentiated m this way, or whether antagomsts, even though they 
may be used m an exact and quantitative manner, would fail to discriminate 
between closely related substances 

If mdeed some drugs, although distmguishable chemically or by them relative 
activity m different pharmacological tests, could not be distmguished by their 
reactions to antagonists, they might convemently be grouped mto a common 
pharmacological class It will be shown that drugs can m fact be found which 
are related m this way, and that if a certam sunple scheme of drug action 
be accepted a rational classification of active drugs based on their responses to 
drug antagomsts may be attempted 


Methods 

The experunents were done on the isolated neum of the gumea-pig, employing the 
apparatus for assaying antagonists on isolated tissues which has previously been described 
(Schild, 1947) 
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Plan of expenments — The object of these cxpenments was to find out whether firugs 
could be differentiated by theu responses to antagonists They were accordingly designed 
to test whether the effects of two given stunnlant drugs would be reduced by some antagonist 
to the same extent or not 

The assays are performed m two stages In a preliminary experiment doses of the two 
active drugs producmg approximately equal submaximal effects are determmed as well as a 
concentration of the antagonistic drug sufficient to reduce these effects without completely 
abohshmg them In a final experiment these drugs are admmistered m the presence and 
m the absence of the antagonist m a planned sequence, which must be statistically unbiased 
m order to allow a statistical analysis of the results of each 'experiment to be made 

A typical experiment is shown m Fig. I The order of addition of drugs to the bath is 
as follows. The doses are admmistered m sets of four, each set consisting of a random 
sequence of one dose of each of the active drugs alone and a further dose of each of the 
active drugs m the presence of the antagonistic drug (after a preliminary penod of contact 
between tissue and antagonist of 2 min.) After each administration of the antagonist 
several doses of the active drug alone are mterjeefed m order to let the tissue recover, if 
possible, from the precedmg depression 

Persistent depression produced by antagonists is the most serious difficuliy m p lannin g 
an unbiased sequence of doses suitable for statistical analysis The depressant effect is 
partly overcome by interposmg doses of the active drug alone More fundamentally, the 
arrangement of the experiment itself is such that each of the active drugs has an equal 
chance of bemg preceded by a depressant mjection, and it is thus unbiased with regard to 
the mam pomt at issue It is merely a matter of convemence how many ' recovery ’ penods 
of active drug alone are mterposed and it may m some cases be more advantageous to have 
a fixed small number of such penods rather than to wait until the response has reached a 
steady state 

A complete experiment consists of several sets (randomiTcd groups) of four doses The 
final effect is assessed by averagmg the effects obtamed m the mdividual sets If the two 
drugs are depressed to the same extent by the antagomst, and Sx and 513 are the mean 
effects produced by drugs A and B, and fxx and the mean effects produced by these 
drugs m the presence of the antagomst Z. 

- -Paz = j’n - 9»z 
or f A + 5I11Z = fa + Paz 

The latter equation is tested statistically by an analysis of vanance earned out as previ- 
ously desenbed (Schild, 1942) In practice there is usually some deviation from theoretical 
equahty, but unless this is statistically significant it may be assumed that both drugs have 
been depressed to the same extent 

Use of a Drug Antagonist for the Identification of an Unknown 

Substance 

Curare causes the release of a histamme-hke substance from the perfused 
gastrocnemius muscle of the dog (Alam et al , 1939) In the present experiment 
a dog’s hmd limb was perfused with defibrmated blood by means of a Dale- 
Schuster pump, the blood bemg oxygenated through the animars own lungs , a 
solution of 50 mg crude curare was mjected mto the artery perfusmg the hmb 
and the effluent was collected The blood was extracted by Code’s method 
and the extract assayed on the cumea-pig’s fleum The apparent concentration 
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of histamine m the sample was 500 Aig per 1 as against 16 ug per 1 m the 
controls 

In order to identify the substance further the effect of a low concentration 
of benadryl (dimethylammcethyl benzhydryl ether hydrochlonde) on it was 
compared with the effect of the same concentration of benadryl on histamine 
The experiment is illustrated in Fig 1 A concentration of benadryl of 1 150 



Fig 1 — Assay to test whether the effects of histamine (H) and an unknown substance (C) 
released from skeletal muscle b) curare are reduced to the same extent by benadryl (B) 
Sequence of injections explained m the text Vertical lines represent the effects of 
test doses of the two drugs given m the presence and m the absence of the antagonist, 
each effect bemg repeated 4 times The irregular curves represent the effects of a 
constant dose of histamine mven m order to allow the preparation to recover from 
a precedmg dose of bcnadrjT Note mcomplete reversal of depression 

million produced an appreciable reduction of the effects of both histamme and 
the unknown substance There also occurred a progressive deterioration of 
the preparation, presumably due to the cumulative effects of the antagonist. In 
spite of this and the unequal effects produced by mdividual doses of the 
antagonist, the mean reduction of effect of the two active drugs is almost identical 

The results of an anal>sis of variance of this experiment are shown m Table L In the 
last column the mean square for each item should be compared with the mean square for 


t 
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error Two of the mean squares are smaller than the error mean square and thus statistic- 
ally obviously not significant. One of these is the mean square which assesses the rela'tive 
reduction of the effects of histamine and the extract by benadryl Since there is no signifi- 


TABLE I 

ANALYSIS OF VARIANCE OF BENADRYL DEPRESSION OF HISTAMINE AND HISTAMINE LIKE 
SUBSTANCE RELEASED BY CURARE 


1 

Source ofvanalion 

1 

Sum of 
squares 

Degrees of 
freedom 

Mean 

square 

Between successive “randomized groups” 

4805 

3 

1602 

Between histarmne and extract 

25 

1 

25 

Between active drugs alone and active drugs -b benadryl 
( ‘slope”) , 

Between depression of histamme effect by benadryl and 
depression of extract effect by benadryl 

1764 

1 

1764 

6 

1 

6 

Error 

502 

9 

56 

Total 

7102 

15 



cant difference the reduction of the two effects may be assumed to be equal and the main 
object of the experiment is achieved A further madental result is a lack of statistically 
significant difference between the effects produced by histamine and the extract, indicating 
that the activity of the extract might reasonably be assumed to be 500 fig per L as onginally 
assumed Two of the mean squares are much higher than the mean square for error and 
statistically sigmficant One of Ihese is the mean square for slope ’ mdicatmg that the 
concentration of benadryl used produced a significant reduction of effect The other is the 
mean square between successive “ randomized groups,” showmg that a real change in 
sensitivity, in this case a progressive detenorahon, occurred in the course of the exjienmenL 

Sttmlar results were obtained m two further experiments 

It was concluded that since benadryl does not discriminate between the 
two substances they are hkely to be related or possibly identical 


Drugs which are Indistinguishable by their Reaction to Antagonists 


N-methylhistamme, 


NH— CM 


1 

^ C.CH,CH,NHCH, 


has been synthetized by Garforth and Pyman (1935) Its pharmacological 
actions were investigated by Vartiamen (1935) who found it to he twice as 
active as histarmne on the gumea-pig’s ileum and about half as active as 
histamme on the cat’s blood pressure Smce histamme and its N-methyl denva 
tive are closely related, as well as clearly distmguishable by their relative activity 
m different pharmacological tests, they were selected as a representative pair to 
mvestigate the effect of antagomsts on closely related substances 

In the foUowmg experiments the effects of three different antagonists on the 
action of equiactive concentrations of histamme and N-methylhistamme were 
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studied The N-methyl denvaUve was approxunately 2 5 umes as a^ve as 
histamine m terms of molar concentrations The antagoni^ were 

antergan (N N-dimethyl-N'-phenyl-N'-benzylethylene diamme hydrochlonde , 
Halpem, 1942), pethidine, and atropine The results are illustrated in Fig 2 


Means 


10 -‘> 


80 


0 

80 


Antergan 40 
• 10 -^ 


10 - 



X 


\ 






N 




X 

y 

) • 

Di 










■ r T 


I 


H or MH alone 


H or MH + Antagonist 


Fio Z — ^Reduction of the effects of histamine ( ) and N-methylhistanune ( ) 

by three different antagonists The molar concentration of histamine used vvas 
approximately 7~5 times that of N-methylhistamme 


Points in the top left-hand comer of each square represent the effects of histamme or 
N-raethylhistamme alone, the lower pomts the effect of these drugs m the presence of a 
constant concentration of antagonist Successive squares m a horizontal row represent 
effects in successive randomized groupis ” and the final square the anthmetical mean of 
effects, all obtained on the same strip of mtestinc 

The results were analysed statistically as m the previous example and it 
could be shown that a given concentration of each antagomst produced, withm 
statistical limits, the same reduction of effect of the two stimulant drugs It 
was concluded that none of the three antagomsts is capable of discnmmatmg 
between histamme and N-methylhistamme 

These experiments show that certam drugs react m an analogous manner 
towards antagonists of very different chemical and pharmacological nature It 
IS doubtful if any antagonist could be found to discnmmate between histamme 
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and Its N-methyl denvative If the unknown substance discussed m the pre- 
ceding section had in fact been N-meth]flhistainine it could not have been 
distinguished from histamme by means of these antagonists 


Use of Antagonists for the Classihcation of Drugs 

It might reasonably be assumed that drugs which m a given pharmacological 
test could not be differentiated by their reaction towards antagomsts, or, more 
precisely, drugs which m the presence of any effective antagonist showed equal 
reductions of equal effects, would be closely related m their pharmacological 
action on the particular test object used Conversely, drugs which could be 
differentiated by their reactions towards most antagonists except the most 
unspecific ones might be said to be pharmacologically unrelated 

In thus usmg the effects of antagonistic drugs as a criterion for classifymg 
active drugs, the followmg scheme of drug action might pe-haps be visualized 
It may be assumed that between the first impact of a drug on the tissue and its 
final effect, muscular contraction m this case, a senes of successive processes 
occur with any of which antagonists can mterfere Two successive stages are 
indicated m Fig 3 

Drugs 


A, B 


C 


Antagonists 



o 


Fig 3 — Site of action of antagonists. If A and B stand for histamine and N-methylhistamme 
and C for acetylcholine, it is possible that small concentrations of antagonists may act 
at one of the pnmary sites only, whibt larger concentrations may also antagonize a 
later common reaction 

If two drugs have different pnmary pomts of impact their reactions must 
sooner or later converge into a final common path An antagonist may mterfere 
with the action of a stimulant drug either before or after a common final path 
with some other drug is reached Thus antagonist I reduces only the action of 
drugs A and B, but not that of C, whilst antagonist If reduces A, B and C It 
may further be assumed at least as a first approximation, that an antagonist 
actmg at a given site would reduce the effect of those drugs with whose pathways 
It mterferes to the same extent Thus antagonist I would depress A and B equally 
and antagomst 11 A and B and possibly C equally 

It follows that if two drugs such as A and B act by the same mechanism, 
then- effects wiU be reduced to the same extent by antagomsts, mdependently of 
whether the latter exert their action by competmg for a pnmary site or by 
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mterfermg with some other reaction mvolved in the contractile process Such 
drugs might well be classed together mto a primary pharmacological class 

Antagonists may of course act at more than one site A possible explanation 
for the dual action of drugs such as atropme and neo-antergan (Schild, 1947), 
which antagonize both histamme and acetylcholme at relatively high concen- 
trations, but only one of the two at low concentrations, would be that at low 
concentrations the antagomsts act at the level of I only and at high concentrations 
at the level of If as well as of I Another way of explammg the dual action 
would be to assume that at high concentrations neo-antergan begins to affect 
the primary site for acetylcholme and atropme to affect the pnmarj' site for 
histamme At any rate it is clear that at higher concentrations these antagomsts 
must act on at least two sites 

The scheme is capable of expansion to mclude the action of further groups 
of drugs and their antagomsts A scheme of this kmd cannot, however, account 
for sjiecial types of antagomsm, such as a chemical combmation between active 
drug and antagonist 

Discussion 

One of the earliest attempts at classifymg drugs by their reaction to 
antagonists was the classification of substances contractmg plam muscle mto 
musculotropic and neurotropic accordmg to their reaction to atropme Vanous 
objections have been raised from time to time to this concepboiL 

It was pomted out by Magnus (1905) that usmg the cntenon of atropme to 
localize the site of action of drugs m the mtestme imphed firstly that atropme 
had only one site of action m the wall of the mtestme and secondly that the 
effect of atropme could not be reversed by some other drug actmg on the same 
site Both these assumptions were unlikely to be true It was mdeed shown 
by Magnus himself that atropme had more than one site of action m the mtestme 
and that it would antagonize at different concentrations drugs belongmg to quite 
different groups such as pflocarpme and banum, and it had been shown by 
Langley and others that there existed a quantitative antagonism between atropme 
and pflocarpme This Ime of criticism does not necessarily mvahdate the use 
of drug antagomsts for localizmg the site of action of drugs , rather it pomts to 
the necessity of refinmg these methods by usmg drug antagonists m a more 
quantitative way In practice the settmg apart of a group of “ muscarmic ” drugs 
(Dale, 1914), exceptionally sensitive to atropme, has been extremely fruitful, and 
although the localization imphed m the term “ neurotropic ” cannot be mam- 
tamed any longer, these drugs must stfll be regarded as formmg a grou^ apart, 
likely to have a common mechamsm of action 

From another pomt of view the old classification has been criticized by 
Winder et al (1946) These workers came to the conclusion that a subdivision 
mto two groups was madequate, since m addition to the acetylcholme group, a 
histamme and a banum group of plam muscle stimulants could be clearly dis- 
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tjnguished by their differential reactions towards antagonists There is, however, 
no special reason for confinuig plain muscle stimulant drugs to three types only 
and it would seem reasonable to look for further types to be differentiated by 
their reactions towards antagonists This is precisely what the present classifi- 
cation proposes to do, since drugs which react quantitatively alike to antagonists 
are placed together, and drugs which can be differentiated by their quantitative 
response to antagomsts are separated 

The first distmguishmg feature of the proposed classification is that it relies 
upon a quantitative discrimmation, the second that it relies upon the response 
to several antagonists rather than to a smgle one . only those drugs are assigned 
to a primary pharmacological class (m relation to a given tissue) which respond 
in a quantitatively identical manner to every effective antagonist This method 
of classification has the merit of being sharply defined, but it may ultimately 
prove to have been too ngidly conceived In a more general way, however, 
quantitative similanty m behaviour to antagonists is bound to denote some 
pharmacological relationship between drugs, and the recognition of these 
relationships may eventually lead to a better understanding of the mechanism 
of action of drugs 

Summary 

1 A method is descnbed for evaluatmg statistically whether the effects of 
two drugs are reduced equally by antagomsts 

2 If equal effects are produced on the gumea-pig’s ileum by histamme and 
N-methylhistamine, they are antagonized to the same extent, quantitatively, by 
effective concentrations of three different antagonists Sunilarly the effects of 
histamine and a histamme-like substance released from striated muscle by curare 
are equally depressed by an antagomstic drug It is concluded that antagonists 
probably cannot be used to discriminate between closely related drugs 

3 A scheme of drug action is proposed which can serve as a basis for a 
classification of active drugs by means of drug antagomsts 

I am indebted to Dr A L Momsob of the Roche Research Department for preparing 
N N-dimethyl-N -phenyl-N'-benzylethylene-diamine, and to Dr Harold Kmg for a supply 
of N-methylhistamine 
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THE INFLUENCE OF CALCIUM AND POTASSIUM 
IONS ON THE TOXICITY OF OUABAIN 

BY 

J B E BAKER 

From the Departnteni of Pharmacology Oxford 

(Received April 22. 1947) 

In the mass of literature dealing with digitalis ana Ca and K ions there 
are no quantitative results showmg the influence of varymg amounts of these 
ions on the action of a constant dose of glycoside , nor are there any laboratory 
observations on the effects of Ca or K on the symptom of digitahs vomitmg 
Accordmgly the following studies have been made 

Anaesthetized rabbits have been used to determine (i) the lethal dose of 
ouabam infused intravenously at constant rate m physiological sahne, (u) the 
lethal dose of the same concentration of ouabam infused together with mcreasmg 
concentrations of CaCH,, and (m) the lethal dose of the same concentration of 
ouabain infused together with mcreasmg concentrations of KQ 

Perfused rabbit hearts have been used to determme the effect of alterations 
m the amount of (a) CaQ, and (b) KCl m the Locke solution on the effect of a 
fixed concentration of ouabam 

Pigeons have been used to determme whether the mjection of KCH modified 
the action of ouabam m causmg vomitmg 

Experimental Results 

(a) Anaesthetized rabbits 

Method — Thirty-four animals were used All were given urethane by ear vein till 
full surgical anaesthesia was reached, the dose necessary bemg remarkably constant at 
135 g (6J2 ml of 25 per cent (w/v) in distilled water) per kg. of rabbit given over 10-15 min 
Urethane was used in order to avoid ether, which increases the scatter of results of digitalis 
assay by the cat method (Bum, 1937) , the quantity agrees well with the 1 8 g /kg. usually 
recommended for cats mtramuscularly Cannulae vrere inserted into the trachea, the left 
carotid artery for recordmg the blood pressure by mercury manometer, and the left femoral 
I cm for the infusion of solutions Artifiaal respiration was given by a pump as soon as 
an animal s respiration began to be shallow Into all animals, except controls, ouabam 
(20 fig /ml) was mfused in physiological saline at the constant rate of 0 15 ml /mm /kg. 
rabbiL This rate of mfnsion is within the opUmum range (Rapson and Underhill, 1935) 
Observations on the effects of Ca and K on the lethal dose of ouabain were made by adding 
varying amounts of CaCI, or KCI to the infusion and the end-pomt of an mfnsion was 
taken as the pomt at which blood pressure suddenly fell to zero without recovery The 
animals were thus in the followmg groups 

(i) Receivmg ouabam alone. 

Cul Receiving ouabain + 1, 2 or 3 pet cent (w/v) CaCl, 
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(uO Receiving ouabain + 0 5, I or 2 per cent (w/v) KCI 
(iv) Controls receiving 3 per cent CaCl, alone 

The control animals needed more than 05 g CaCl,/kg to kill them, in agreement with 
Nahum and Hoff (1937) who gave 10 per cent CaClj at 2 ml /min In the present senes 
none of the rabbits receiving ouabam and calcium received more than 0 09 g CaCl /kg 
Since the effects of KCI on digitalis toxicity were protective, no controls with KCI alone 
were considered necessary 

Results — In order to compare the relative effects of CaCla and KQ on 
the action of ouabain, concentrations were expressed as molanties, but per- 
centage concentrations (w/v) were also recorded for convemence (Table I) The 
mean results are represented graphically m Fig 1 m order to show the difference 

TABLE I 


RABBITS Femoral vein infusions of 20 /tg ouabain/ml at 015 ml /kg /mm 


Fluid infused 

Individual LD ouabam 
[ig /kg rabbit 

Mean 

Ouabain and CaCl, 



Amount of CaCl, | 







■■■Bniiiim 

3 

30 5, 36 5, 35 7, 58 0, 58 0 

43 7 


2 

60 0,51 3. 73 5, 49 6. 74 7 

618 

WmmM 

1 

75 5, 105, 93 3, 65 8, 56 0 

791 

Ouabam alone j 

114, -^7, 810, 117.88 0 

955 

Ouabain and KCI j 



Amount of KQ 



Molanty x 10 

Per cent 



0 67 

05 

148, 105, 114, 123 

123 

I 3 

1 

121, 145, 132; 166, 141 

141 

Z7 

2 

171, 151, 156, 130 

152 


m slope of the curves relatmg mean LD ouabam (ordmates) to concentration 
of CaClj or of KCI (abscissae) in the infusion aearly there is a qualitative 
difference m effect, mcreased CaClj causmg a Imear decrease m LD ouabam, 
while mcrease of KCI causes an mcrease m LD ouabam , there also appears to 
be a quantitative difference, because the curve for KQ is the steeper With the 
two lowest concentrations of potassium used, unit change of concentration had 
a greater effect on the LD of ouabam than had unit change m concentration of 
CaQj , thus, 1, 2, and 3 per cent CaQ, decreased the LD ouabam by 17, 36, 
and 54 per cent respectively, whereas 0 5, 1, and 2 per cent KQ mcreased 
It by 29, 47, and 59 per cent This suggests that the action of ouabam is 
influenced more by the absolute concentration of potassium m a perfusion fluid 
than by the potassium/ calcium ratio, at least over a certam range In order to 
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Fig 1 — Rabbits Femoral vein infusion of ouabain 
(20 /‘g./ml ) at a rate of 0 15 ml /kg /mm The 
relation between the LD ouabam and the Ca or 
K content of the infusion 

test this point it was necessary to perform ■expenments in which potassium or 
calcium concentrations could be lowered as well as raised, and accordmgly the 
isolated perfused rabbit heart was used 

(6) Perfused rabbit hearts 

Method — Thirty-six animals were used Animals were killed by a blow on the head 
and bled out by cutting the throat The heart was rapidly cut out, dissected clean and 
perfused with oxygenated Locke s solution (percentage composition (w /v) as follows 
05 NaCl, 0042 KCl, 0 024 CaCU, 01 dextrose, 0 05 NaHCO,) at 36“ by the Martin- 
Langendorff method A hook was passed through the apex of the ventncles and the 
amplitude pf beat recorded on a smoked drum by a lever and wntmg pomt Rate and 
amplitude of beat and coronary flow were allowed to become steady and from 30-45 mm 
after setting up the preparation perfusion was commenced with ouabam (0 4 fig fmL) in 
the Locke s solution The measure of toxicity of the ouabam was taken as the time it took 
to reduce the amphtude of beat to 50 per cent of its ongmal value This time is referred 
to as the survival time Thus anythmg which increased the toxicity of the ouabain 
shortened the survival time, and anythmg which decreased the toxiaty lengthened the 
survival time All hearts except the controls received 0 4 /«g ouabain /ml , and were divided 
into the following groups 

(1) Receiving ouabam m not Jial Locke s solution 
(ul Receiving ouabam m Locke with half or twice the normal C^Cl 
fuO Receiving ouabain m Locke with 0 5, 105, and Umes the normal KCl 
(iv) Control hearts receiving no ouabam V/ith the highest and lowest concentrations of 
CaCl, or KCl used all hearts survived for long periods 

(v) Hearts in normal Locke contammg 0 4 /<g. ouabam/ml, m which toxic effects 
Were caused to disappear by changing to perfusion fluid containing excess KCl 
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Results— For the reasons already given, the concentrations of CaQj and 
KQ were expressed in molanbes These results (Table II) are plotted graphically 
(Fig 2) as mean survival times agamst molar concentrations of CaQa or KQ, 
and, as for the anaesthetized rabbits, it will be seen that when potassium is 
increased above normal, unit change m concentration of potassium produces a 
bigger effect on survival tune than unit change m calcium concentration when 
calcium IS decreased This is expressed more clearly (Fig 3), when the same 


TABLE n 

RABBIT HEARTS pcifused by Langendoiff’s method with 04 /ig onabain/mL 


Concentratio! 

CaO. 

D m Lod» 

1 KQ 

Ratio 

1 

Individual 
survival tunes 
m minutes i 

i 

Mean 
survival 
limes in 
mmntcs 

Molanty 
y 10» 

rag per 
100 C.C 

Molanty 
y 10’ 

mg. per 
100 C.C 

K/Ca 

216 

24 

5 63 

42 

Z61 

32, 39, 49, 50, 51. 34 

38 

432 

48 



1 30 

23, 28. 14. 40, 13 

24 

108 

12 

• I 

*1 

532 

60 39. 45, 28, 49 

44 

216 

24 

2 81 

21 

i 130 1 

20. 13. 14, 16 

16 



703 

523 

336 

92. no. 45, 48, 66 

72 

II 

If 

844 

63 

331 

87. 114, 195, 207, 254 

171 




Fra 3 — Same as Fig. 2. 
The relation between 
“survival tune” and 
the K/Ca ratio 
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survival times are plotted against the K/Ca ratio m the perfusion fluid If 
the alteration m the ouabam effect had been solely a function of the K/Ca ratio, 
the same effect would have been obtained at a given K/Ca rauo whether it was 
attamed by mcreasmg K, or by decreasmg Ca, but as Fig 3 shows the absolute 
concentration of K had a relatively greater importance 

In addition to the quantitative results with potassium, three hearts were 
perfused wth 0 4 /ig ouabam/ml m normal Locke until gross uregulanties of 
beat occurred, usually withm 25 mm , potassium was then added to the per- 
fusion fluid to mcrease its KCl content by 50 per cent This abolished the 
irregular rhythms caused systole to lessen, and prolonged the survival time, 
which would have been an hour at most, to several hours A record of one or 
these hearts is shown m Fig 4, and is m agreement with the results of Sampson 
et al (1943) on the human being 



Fig 4 — Langendorff rabbit 
heart KQ abobtion 
of irregular rhythm due 
to 0 4 /Ig ouabam/ml 
Traang reads from left 
to nght. Time marker 
m nunutes Between 
(5) and (ii) ouabam 
added to the Locke 
to contam 0 4 /ig /ml 
Between (u") and (in) 
KQ concentration 
raised by 50 per cent, 
with abohtion of irreg- 
ular beats (rv) and (v) 


(c) Pigeon emesis 

Appaicntly the effect of K on the vomitmg produced by digitahs bodies has 
never been mvestigated, except for the observation of Sampson et al (1943) that 
the nausea and vomitmg of theu- patients who received an overdose of digitalis 
was not affected by potassium acetate admmistered orally The pigeon-cmesis 
method of digitahs assay mtroduced by Hanzhk and Schoemacher (1926), when 
modified as Bum (1930) suggested, affords a convement method of testmg this 
action of K against digitalis , if K were to lessen digitahs vomitmg, this clearly 
would mdicate antagonism of an extra-cardiac effect of digitahs, smce digitalis 
vomitmg has been shown to be mdependent of cardiac connections with the CJ4 S 
(Hanzhk and Wood, 1929 , Haney and Lmdgren, 1942) 

Melhods — ^Twenty pigeons were injecicd with 15 ez ouabain/300 g. pigeon into the 
wmg vem on two separate occasions. The same pigeons were injected on two other occa- 
sions (interpolated between these two) with 15 f>E ouabam and 6 mg, KCl per 300 g pigeon 
This amount of KCl was found to be about the maximum which pigeons would tolerate, 
for m a tnal with KCl alone it killed one bird in a group of 20 The number vomitmg is 
recorded m Table lU When the pigeons were mjected with ouabam alone 22 out of 40 
ejections caused vomitmg , with ouabam and KCl, 19 out of 40 mjecUons caused vomitmg 
Clearly potassium did not protect pigeons against the vomitmg mduced by the ouabam. 
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TABLE m 

PIGEON EMESIS RECORD 


Pigeon 

number 

Ouabain 15 pg./300 g. 

Ouabain 15 ng. and 

Ka 6 mg /300 g 

24 3 47 1 

... 1 


27 3 47 

3U47 

1 

+ 

+ 

+ 

+ 

2 

4- 

+ 

+ 

+ 

3 

0 

+ 

0 

0 

4 

0 

+ 

+ 

+ 

5 

+ 

+ 

+ 

+ 

6 

+ 

+ 

+ 

+ 

7 

4* 

0 


+ 

8 

4- 

-h 

0 

"f- 

9 

0 

0 

0 

0 

10 

+ 1 

+ 

0 

+ 

11 


■f 1 

0 

+ 

12 


0 

+ 

0 

13 

0 

0 

0 

0 

14 

0 

0 

0 

+ 

15 , 

0 

0 

0 

0 

16 ■ 

+ 

+ 

+ 

0 

17 

0 

0 

0 

+ 

18 

0 

+ 

0 

+ 

19 

+ 

0 

0 

0 

20 


+ 

0 

0 

Total vomiUng i 

10 1 

i 

7 

12 

1 


Discussion 

Although there was reliable information concemmg the effects of cardiac 
glycosides on frog hearts by the middle of the nmetecnth century (Vuipian, 
1855), It was not until after Rmger’s proof of the importance of certam ions m 
the perfusion fluid (Ringer, 1883) that calcium and potassium became suspected 
of playmg a part m the action of these glycosides In frog hearts either Ca 
excess or K deficiency increased the action of digitahs, whde Ca deficiency or 
K excess lessened its effect (Werscfaimn, 1910 Clark, 1912 , Konschegg, 1913) 
From these results it was concluded that digitalis antagonized K just as Ca did 
Some extreme views emerged , while Bumdge (1915-16) postulated that the 
cardiac glycosides act by sensitizmg the heart to calcium, Weizsacker (1917) 
drew a siinilar conclusion that digitahs improves the force of the heart only 
when there is a lack of calcium Loewi (1918) reiterated Bumdge’s contention, 
and others wrote m support (Geiger and Jansch, 1922 , Grumach , Gninwald 
Handovsky , Hoffmann , Schoen . 1 923) Pietrkowski (1918). however, mamtamed 
that the effects of low Ca on the action of digitalis could be countered by 
mcreasmg the sugar of the perfusion fluid, and concluded that digitalis has a 
direct action on the heart All these observers were concerned with the systohc 
action of digitahs, and with the systolic effect of calcium, whereas it has been 
shown (Werschinm, 1910 , Cushny, 1925) that small doses of digitalis result m 
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diastobc arrest Reccntl> this observation has also been brought into line with 
the theory that digitalis sensitizes the heart to calcium (Blumenfeld and Loewi, 
1945) 

In mammals the occurrence of calcium and digitalis synergism has been 
well established both in animal experiments (Lieberraan, 1932 , Schunterman, 

1935 , Gold and Kwit, 1937, Gold and Edwards, 1927, Bower and Mengle, 

1936 , Golden and Brams, 1938), and in the human bemg, Edens and Huber 
(1916) findmg that patients prone to digitalis pulse bigemmy have a high blood 
calaum, while Bower and Mengle (1936) record two cases of sudden death after 
mtravenous calcium salts following digitalis 

In contrast to the foregomg results are those of Fischer (1928) who found 
that digitalis sensitizes the heart to all stimuli, e g , Ca, ethyl alcohol, or K, and 
of Camp (1939) who also found the heart after treatment with digitalis to be 
sensitized to K Nahum and Hoff (1937), however, and Smith, Wmkler, and Hoff 
(1939) failed to obtam Ca and digitahs synergism Nyin and DuBois (1930) 
disagree with the extreme view of Loewi, mamtaining that digitalis can exert its 
full effect m the complete absence of calaum m the fluid perfusmg a frog’s heart, 
though they agree that excess of calcium enhances its action 

A new Ime of evidence that K is mvolved m digitahs action arises flrst from 
the work of Calhoun and Hamson (1931) They showed that toxic doses of 
digitahs lower the level of cardiac K , the effect of therapeutic doses was doubtful 
Any theory based on these results which suggests that digitahs acts by lowenng 
the K/Ca ratio appears to be untenable, smce Calhoun and Hamson also found, 
m fatal human cases with cardiac failure, that the myocardium of the dilated 
chambers was low m K. Conffrmation of this effect of toxic doses has been 
obtamed (Wood and Moe, 1938 , Hagen, 1939 , Wedd, 1939 , Boyer and Pom- 
dexter, 1940) though these authors And the effect of therapeutic doses on K 
content is either negligible or else is to mcrease it K loss by digitahs action is 
also recorded from frog skeletal muscle (Cattell and Goodell, 1937), while further 
evidence of an effect of digitalis on K metabolism m general is given by Zwemer 
and Lowenstem (1940), who found that digitahs lowers the plasma K and pro- 
longs hfe m adrenalectomized animals, thus calhng attention to the chemical 
similanty between the digitalis bodies, especially digitoxigenm, and cortm 
Dorfman (1940), however, usmg adrenalectomized nuce, was unable to demon- 
strate any cortm-hke activity of strophanthm 

Therapeutic advantage has been taken of the antagonism between potassium 
and digitalis (Sampson, Albertson and Kondo, 1943) m order to alleviate the 
cardiac effects of overdosage of digitalis by givmg oral doses of potassium 
acetate No relief of nausea and vomiting was obtamed but visual disturbances 
disappeared 

The most recent pubhcations concemmg digitahs and heart biochemistry 
(Qien and Gedmg, 1947) show that toxic doses of digitahs dimmish cardiac 
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adenosine tnphosphate (ATP), phosphocreatine and adenylic acid, while thera- 
peutic doses have no such effect, and in decompensated hearts the re-synthesis of 
these three substances was hastened by digitalis administration (Weicker, 1935) 
These fects, together with the observation that the isolated perfused rabbit heart 
m systohe contracture from digitalis can be temporarily restored by ATP (Chen 
and Geilmg, 1946), tempt speculation that the K/Ca effects of the cardiac glyco 
sides may exert an mfluence on the mtncacies of the higher energy-liberating 
phases of the chemical reactions concerned with muscle contraction 

The experunents now described give results which agree with those of the 
majority , mcreased calcium potenbates, and mcreased potassium antagonizes 
digitalis glycosides The quantitative aspect takes the matter further, demon- 
stratmg the relative importance of the absolute concentration of potassium in 
the cardiac action of the glycosides, while the failure to protect pigeons against 
then emetic effect suggests that different biochemical mechanisms are concerned 
m the cardiac and emetic actions at least. 

The abihty of potassium salts not only to delay the toxic action of digitalis, 
but also to remove toxic effects when already developed is not generally known 
Sampson and his colleagues (1943) gave 5-10 g potassium acetate by mouth as 
a 25 per cent solution to a senes of 14 patients m whom digitalis had produced 
ectopic beats which were recorded by the electrocardiograph Only one dose 
was given on any one day The authors followed the rise m serum potassium 
and observed the disappearance of the ectopic beats This occurred m every 
patient and outlasted the change m serum potassium The observations described 
in this paper add support to these findmgs and suggest that they are due to the 
mterplay of potassium and digitalis m the heart muscle itself 

Summary 

1 The LD of ouabam by mtravenous mfusion m physiological salme was 
determmed on 34 rabbits under urethane 

2 The effect of CaQj and of KCI on the LD of ouabam was observed by 
adding them to the perfusion fluid 1, 2, and 3 per cent solutions of CaQ- 
decreased the LD of ouabam by 17. 36, and 54 per cent respectively , 0 5, 1, and 
2 per cent solutions of KCI increased the LD by 29, 47, and 59 per cent respec- 
tively 

3 Survival times were observed of 36 Langendorff rabbit hearts perfused at 
36° C with Locke’s solution contammg 0 4 /ig ouabam /ml The calcium or 
potassium concentration was vaned m different experiments 

4 Increased calcium or decreased potassium shortened survival time, while 
decreased calaum or mcreased K lengthened it 

5 The effects of altermg the potassium were greater than those of coixe- 
spondmg changes m calcium Halvmg the CaCl^ prolonged mean survival time 
by 6 mm , increasmg the KQ by 50 per cent prolonged it by 133 min 
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6 In a group of 20 pigeons in]cctcd via the wing vein with ouabam 
(15 /zg /300 g pigeon) on two occasions, 22 out of 40 injections caused vomitmg 
On h’.o other occasions wth the same dose of ouabain plus KQ (6 mg /300 g 
pigeon), 19 out of 40 mjections caused vomiting The difference is not 
significant 

I wish to thank Prof Bum for the guidance and advice he has given throughout 
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THE BLOCKING EFFECT OF BIS-TRIETHYL- 
AMMONIUM SALTS ON TRANSMISSION IN 
THE PERFUSED SUPERIOR CERVICAL 
GANGLION OF THE CAT 

BY 

T C CHOU AND F J DE ELIO* 

From the Departnient of Pharmacology, Oxford 

CRtcdved June 9 1947) 

The action of the tetra-ethylammomum ion on the circulatory system was 
described by Bum and Dale (1914) as a paralysmg action on sympathetic ganglia 
resemblmg that of nicotme , the same type of action was observed m a senes 
of tnethylalkylammonium salts by Hunt (1925-6) The action of tetra-ethyl- 
ammonium bromide on the circulatory system as well as on the sympathetic 
ganghon has recently been analysed by Acheson et al (1946) They concluded 
that the predominant effect of the tetra-ethylammomum ion was a block of 
transmission across autonomic ganglia and that this was sufficient to explam 
the vaso-depressor effect Dr H R Ing suggested to us that it might be worth 
mvestigatmg the effect on ganghomc transmission of bis-tnethylammomum salts 
of the general formula [Et 3 N(CIHj)„NEts]Xj, where X is the amon , such salts 
might be expected to have a blocking action on transmission m virtue of the 
tnethylammonium groups and their potency might be expected to vary with the 
length of the polymethylene cham Four bis-tnethylammonium salts have been 
exammed ethylene bis-tnethylammonium bromide (BTE2), prepared by 
Dr H R Ing , and the tnmethylene- pentamethylene-, and decamethylene-bis 
tnethylammonium bromides, denoted by BTE3, BTE5, and BTEIO respectively, 
which were prepared by Mr R B Barlow 

Method 

Cats were anaesthetized with pentobarbitone and the supenor cervical ganglion was 
prepared by Kibjakows method (1933) modified by Fcldberg and Gaddum (1934) Warm 
oxygenated Locke’s solution was perfused through a cannula in the carotid artery at a 
pressure of about 120 mm of mercury and the venous outflow from the ganghon was 
collected The pre-ganglionic fibres to the supenor cervical ganglion were stimulated 
maximally at a rate of 8 stimuh per second for a period of 15 sec An interval of 3 null 
was allowed between each stimulation The contraction of the mctitatmg membrane was 


•Workmg with a grant from the Spanish Counal of Scientific Research 
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recorded on a smoked drum b> an isotonic lc\cr Tlic activii> of the four bis tncth>l- 
ammoDium eompounds wns compared with that of tctra-ethylammonium bromide (TE) 
Each drug was given in 0 1-0 2 ml Lockes solution and was injected into the arterial 
cannula 1 mm before the stimulation A cumulative effect by the drug is very liable to 
occur when the perfusion rate becomes slow it was therefore decided to test the drugs in 
one order and then in the reverse order 


w a « a/ ai 



u Companson of blocking effect of tetra-ethylammonium bromide (TE) and of two 
bis tnethj lammonium bromides (BTE2 and BTE3) on transmission in sympatheuc 
gM^a. Perfused superior cervical ganglion of the cat. Record of the contractions 
of the mctitating membrane to maximal preganglionic stimulation Rate of stimula- 
uon 8 per sec for 15 sec every minute Figures above each contraction = outflow in 
nrops per minute. 


Results 

Fig 1 shows the effect of BTE2 and BTE3 m comparison with that of TE 
on the response to preganglionic stimulation m the same preparation The figures 
above each contraction of the nictitating membrane represent the venous outflow 
m drops per mmute 

It was found that the blockmg effect of the five compounds examined was m 
the order 


BTEIO > TE > BTE2> BTE5 > BTE3 
(200) (100) (33) (5) (4) 

The relative potency of these five compounds (accordmg to their weight) has been 
etermined on seven preparations, and, giving TE a value of 100, the mean 



Fig 2 — The relauonstiip between the 
activity of tetra-cthylammonium bro- 
mide (TE), given a value of 100, and 
of bis tnethylammonium bromides 
(BTE2, BTE3 BTE5, and BTEIO) 
in the perfused sympathetic ganghon 
of the cat Ordmate percentage 
potency Abscissae Number of 
carbon atoms in the poly methylene 
cham of the molecule. 
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figures are expressed m brackets No excitatory action on the ganghon was 
observed with TE, nor with the four bis-tnethylammomum compounds 

Fig 2 shows the relationship between the activity of these compounds and 
the number of carbon atoms m the polymethylene cham of the molecule 

Discussion 

In their two successive papers, Acheson et al (1946) concluded that the tetra- 
ethylammomum ion exerts a purely blockmg effect on ganghonic transmission 
Unlike tubocurarme, the tetra-ethylammomum ion on mjection never causes a 
contraction of the mctitatmg membrane, nor does it mcrease the response to 
electncal stimulation, as mtocostrm was shown by Acheson et al to do It has 
only a “ mcotme-hke paralysmg ” action on the autonomic ganghon The bis- 
tnethylammomum compounds also showed no excitatory action No expen- 
ments have been made m order to discover whether they have any muscanne 
actions In general, the action of these compounds is very snnilar to that of 
tetra-ethylammomum salts As shown m Hg 2, lengthenmg of the carbon cham 
between the two omum ions leads to a decrease m activity until the three carbon 
cham compound (BTE3) is reached , with a further lengthenmg of the carbon 
cham there occurs an mcrease of the blockmg effect, and the 10 carbon cham 
compound (BTEIO) is twice as strong as TE. 

Summary 

Four bis-tnethylammomum compounds have been tested on the perfused 
supenor cervical ganghon of the cat They have no stnnulatmg action, but 
they paralyse ganghomc transmission There is a relationship between the 
relative activity of these compounds and the number of carbon atoms m the 
polymethylene cham of then molecules The decamethylene-bis-tnethyl- 
ammonium bromide (BTEIO) was found to be the most potent compound 

Wc wish to thank Prof J H Bum and Dr Edith Blllbnng for their guidance and 
encouragement in this work 
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THE PERSISTENCE IN THE BLOOD STREAM OF 
SOME ANALOGUES OF 
SUtPHADIMETHOXYPYRIMIDINE 

BY 

A SPINKS 

From (he Research Laboratories, Imperial Chemical Industries, Ltd , 
Hexagon House, Manchester, 9 

(Reccired M»t M l«T) 


An account has already been given of the properties of sulphadunethoxy- 
pynmidme (I), which displays marked persistence m the blood stream after oral 
or parenteral adnunistration (Gage et al , 1947) 



The availabihty of some of its homologues (Rose and Tuey, 1946) prompted 
a comparative examination of their persistence , further compounds were 
specially prepared by Drs F L Rose, E H Hoggarth, and E IL P Young. 
Twenty compounds m all were exammed m mice for absorption and persistence 
The ma)onty were also tested as antibacterial agents , an account of their 
tuberculostatic activity in vitro and in vivo will be published separately 
(Hoggarth, Young, and Martm, 1948) No compound appeared likely to have 
marked therapeutic value Three (HI. VII, and XVI), as well as sulpha- 
dunethoxypynmidme itself, had previously been exammed by van Dyke el al 
(1945) , their findmgs m general parallel those desenbed here 

Experimentai- Section 

The standard techniques used have been described m previous publications (Rose and 
Spinks, 1946, 1947 , Gage et al 1947) Each compound was administered orally to a group 
of three mice as a 1 per cent (w/v) soluhon of the sodium salt, or as a t per cent (w/v) 
dispersion, in doses of 250 mg /kg. It was then estimated in pooled tail blood, at standard 
intervals after dosmg, by the micro method of Rose and Bevan (1944) At least six groups 
of three mice were used for each compound (except XXI) No statistical comparison was 
attempted, because many compounds were so highly persistent that the maximum concen- 
tration was difficult to determine accurately m individual experiments. Values of maximum 
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concentration (Max ), the time after dosing at which this was attained (f max ). and the 
persistence in the blood (expressed as the tune (C7) taken for the concentration at 7 hours 
to fall to two thirds of that value), were read from the mean blood concentration time 
curves 


TABLE 

COMPAMSON OF ANAtOGtIES OF SUlJ>HADIMETHOXYPyRIMIPINB 


Group 

Compound 

No 

Max blood concentration 

C7 

(hours) 

Number 
of mice 

mg /lOO ml 

Time (min ) 


I 

144 

210 

1 165 

66 


n 

13 8 

100 

153 

18 

A 

in 

11 8 

; 90 

13 0 

18 


IV 

58 

540(7) 

>170 

24 


: V 

22 

180 

78 

21 

B 

VI 

57 

180 1 

104 

21 


vn 

2 I 

210 i 

170 

18 


vra 

46 

ISO 

110 

39 

C 

rx 

23 

210 

103 

18 

1 

X 

57 

270 

90 

30 

D 

XI 

12.6 

90 

1 

47 

18 



24 7 ! 

90 

77 

30 

E 


57 

120 

86 

27 



59 

40 

60 

18 


XV 

13 8 

60 

75 


F 

XVI 

186 

65 

55 



xvn 

13 7 

45 

76 



xviu 

70 

40 

71 

18 

G 

XIX 

35 

40 

* 

18 


XX 

09 

40 

* 

21 


xxr 

5 1 

150 

t 

6 


* Disappears very rapidly from the blood t Disappears rapidly from the blood 


Rbsults and Discussion 

Compounds have been classified on the basis of their chemical structure into 
seven groups, each of which is considered separately , the characteristic values 
obtained from the mean concentration-tune curves are given m the Table 


Group A 2-Sulphamiamido 4 6-dt-n-alkoxy pyrimidines 


\ 

OR, 

Compound No 1 n HI IV V 

R, CH, CH, C,Hj nC,H, n QH, 

R, CH, QH. QH, nQH, /j-C,H. 
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The mean concentrations of tlicsc compounds (except 11) found in the blood 
of nuce at intervals after the oral administration of 250 mg /kg . arc recorded 
m Fig 1 , the charactenstic \'alucs obtained from the mean curves arc com- 
pared m the Table Compounds 1-lV arc highly persistent , the di-n-butoxy 
homologue (V) is fairly persistent The other mam difference between the five 
compounds is in maximum blood concentration, which falls with increasing 
molecular w'eight , this effect can probably be ascribed mainly to reduced solu- 



bility of the higher homologues, which would result in a decreased concentration 
gradient between lumen and blood stream, and therefore m decreased speed and 
extent of absorption The solubility data reported by van Dyke et d (1945) 
for I and HI, and an extensive senes of related compounds, support this view 
The practical importance of the effect is pomted out by Hoggarth et d (1948), 
who show that m vitro tuberculostatic activity mcreases with mcreasmg molecular 
weight. It IS probably the accompanymg decrease m blood concentration which 
prevents the hidier homologues from showmg marked therapeutic action in vivo 



274 


A SPINKS 


Group B 2-Sulphandamido-5-cdkyl-A 6-dimethoxy pyrimidines 

OCH, 

1 ^ / 

H.N < )>SO.NH<(^ y-R 

^OCH, 

Compound No VI VII 
R CH, CiH, 

These two compounds are both highly persistent (see Table), but attam lower 
maximum blood conceotratioiis than the parent compound The reduction m 
maximum concentration is greater than when the additional carbon atoms are 
substituted m the alkoxy group — lc , VI and Vn give lower concentrations than 
their isomers 11 and m This was unexpected, smce m other groups of com- 
pounds It has been found that the distribution of a given number of methylene 
groups between three, mstead of two, normal alkyl radicals leads to mcreased 
blood concentrations The effect may be due to the exceptionally low solubflity 
of this type (van Dyke et al , 1945 , Rose and Tuey, 1946) 


Group C Branched chain sulphadudkoxy derivatives 

OR 

\)R 

Compound No VUI K X 

R Iro-QH, ba-CfH, JCC-CjH, 

The characteristic values of the three compounds are summarized m the Table 
They are all highly persistent, the butoxy compounds somewhat less so than 
the wopropoxy compound (cf Group A) Vm and IX resemble their normal 
isomers (TV and V) m maximum blood concentration X gives a much higher 
maximum concentration than its isomers V and DC. In some other homologous 
senes, eg, of sulphones, it has been observed that compounds contammg 
branched alkyl chains give much higher blood concentrations than their isomers 
contammg straight chains. It is hoped to describe examples m future pubhcations 


Group D 2~SulphandamidoA 6-diethoxyethoxypynnudine 




OC,H,OC,H, 


XI 


‘OC,H,OCiH, 


The ethoxyethoxy compound (see Table) has lost much of the persistence 
characteristic of the other dialkoxypyrumdmes, and gives much higher blood 
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concentrations It should, of course, be compared wth its closest analogue the 
di-n-butoxy derivative (V) The mcthoxjcthoxy homologuc was examined by 
^’an Dyke et al They found that it was well absorbed, but of low per- 
sistence Its solubility (4 mM /I at pH 6 5 and 37° C) was five tunes that 
of the dunethoxy compound (0 8 mM /J ), and about thirty tunes that of the 
diethoxy compound (0 12 mM /I ) It may be assumed that the facile absorpbon 
of these alkoxyalkoxy compounds is related to their relatively high solubility, 
but a different effect must cause the low persistence The relatively low persis- 
tence of the di-n-butoxy compound (Group A) suggests that this effect might be 
connected with stenc hindrance , possibly, the bulky alkoxy groups of these 
compounds hmder theu access to some other molecule with which they must be 
associated to exhibit marked persistence 


Group E l-Metamlamido-A 6-dialkoxypynmidines 

OR 



NH, OR 


Compoond No XU XIP XIV 
R CHi iso-CiH, 

The metanSamides are compared m the Table Reference should also be made 
to the properties of the correspondmg para isomers Each metandaimde differs 
from Its para isomer m givmg higher maximum blood concentrations, and in 
disappearing more rapidly from the blood stream Nevertheless, all three com- 
pounds are fauly persistent, approximately of the same order as sulphamerazme 
(Rose and Spmia, 1946) 


Group F 2-Sulphanilamido-4-aIkoxypynmjdines 



Compound No XV XVI XVII 


if; 


CH, CH» 

H CH, CH, 


^e results with these three compounds are given m the Table. They are aD 
fairiy ^reistent. approximately of the same order as the metanaamides (Group E) 

and^hamerazme. but less so than the diaDcoxydenvatives The mean (mrve 

lor AVn IS given in Fig 2. 
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Group G Miscellaneous compounds 


SCH, 


/ 


h,n )> so.NH 'y 

\cH, 


h-''Oco>™<jji5 


OCH, 


xvm 


OCH, 


XTX 


OH 
/ 


h.n<3so.nh<;^3 

^OH 


XX 


OCH, 

H.N SO.NH <( ^ 

'bcH. 

XXI 



These compounds show striking differences from those previously described 
(Fig 2 , Table) The dxmethylmercapto analogue of sulphadimethoxypynmidme 
IS less persistent than the latter, and gives a much lower maximum concentration 
The other three compounds disappear very rapidly from the blood stream The 
low concentrations they attam may be associated with this rapid disappearance 
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from the Wood rather than with poor absorption They dcarl\ show no resem- 
blance whatsoever to sulphadimethoxypynmidine, although each retains certain 
structural features of the latter 

Considermg the results as a whole, it is clear that marked persistence in the 
blood stream is conferred by the presence in the sulphapyrimidinc molecule of 
two alkoxy groups m positions 4 and 6 of the pyrimidine ring All modifica- 
tions of this structure result m reduction of persistence, including removal of one 
alkoxy group, transfer of the para ammo group to the incta position, substitu- 
tion of a benzene nng for the pynmidinc nng or substitution of a carboxamide 
group for the sulphonamide group The persistence of the dialkoxy compounds 
appears to fall with mcreasmg molecular weight, although one compound (IV) 

IS a marked exception to this rule 

Although the precise nature of the physical and physiological factors which 
confer persistence on a compound is at present unknown it seems probable that 
they mclude a high degree of bmdmg to the plasma protems and a high degree 
of tubular reabsorption (Fisher et al , 1943 , Beyer et al , 1944 , Earle, 1944 , 
van Dyke et al, 1945) The strength of the bond unitmg drug to protein may 
also be of importance (Gregerson and Rawson, 1943 , Rawson, 1943) Sulpha- 
dimethoxypymmdme and some related compounds have been shown to be exten- 
sively bound to plasma protems (van Dyke et al , \ 945 , Gage et al , 1 947), but 
no information is available on the other important factors A high degree of 
protem bmdmg alone would not necessarily result in high persistence, absorp- 
tion by the tubules bemg of equal or greater importance (Fisher et al , 1943 , 
Lundquist, 1945) Besides these feictors, which mfluence the rate of excretion 
of a compound by the kidney, and others, less adequately mvestigated, which 
influence the rate of excretion mto the mtestme (cf Silber and dark, 1946), 
diazotizable ammes are also removed from the blood stream by conversion to 
non-diazotizable or rapidly excreted metabolites, such as acetyl derivatives, 
sulphates or ^ucuronides It is improbable that the persistence, even of closely 
related compounds, is uniformly aSected by such metabolic processes 

The complexity of all these mechanisms, which influence persistence, is such 
that speculation on the nature of the correlation between structure and persistence 
is hardly justifiable However, it is clear that the correlation is a very delicate 
one It had been hoped that 4 6-dimethoxypyrtmidine, or even m-dunethoxy- 
benzene, might behave as a “ conductophonc ” group, and confer persistence 
on any molecule containmg it, m the same manner as the dialkylammo-alkylammo 
chain of mepaerme. pamaqum, and 3349 (Magidson et al , 1934, 1936 , Spinks 
and Tottey, 1946), or the biguamde cham of paludrme and related drugs (Spmks, 
1946, 1947), has been presumed to confer favourable pharmacological properties 
OT Ae anhmalanal contammg it The reduced persistence of compounds Xn, 
^GV, XIX and XXI strongly suggests that the mtroduction of 1 3- 

dimethoxy groups into a nucleus other than pynmidme, or the combmation of 
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4 6-dunethoxypyrumdme as a " conductophonc ” group with a " toxicophonc ” 
group other than sulphanilamide would be unlikely to confer high persistence on 
the resulting molecule 

Summary 

The absorption and persistence m mice of twenty compounds related to 
sulphadimethoxypynmidme have been descnbed High persistence is a pro- 
perty of 2-sulphanilamidopyrunidmes carrying dialkoxy groups m positions 4 
and 6 Removal of one alkoxy group, transfer of the p-ammo group to the mefa 
position, substitution of a benzene nng for the pynmidme rmg, or substitution 
of a carboxamide group for the sulphonanude group, results m reduced persis- 
tence In each homologous senes exammed, maximum blood concentration fell 
with increasmg molecular weight 

The author wishes to thank Miss E France for technical assistance 
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